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PHYSICS 


CHAPTER I 

AN ANALYSIS OF MATTER 

When a child first opens his eyes on the world about 
him a confusing array of experiences thrust themselves 
upon his notice. The clothes in which he is wrapped, the 
incomprehensible voice-sounds that come to his ears, the 
e\er-cliangiiig personalities of his environment — every- 
thing IS wonderful, strange and fearsome because of its 
strangeness. So must the world of nature have seemed 
strange to early man, strange and terrifying. The sights 
and sounds of the forest, the wind rushing through the trees 
or lashing the rivers into foam, thunder and clouds and 
lightnings clear san and quiet stars — all spoke to man in 
his earlier development in personal voices. Each new 
object 01 sense constituted for him an object for suspicious 
investigation or superstitious fear. Familiarity may or 
may not breed contempt, but that it does induce a form of 
indifference is certain. 

When a leaf rustles in the forest to-day, the rational 
expianation^of a breath of wind takes the place of the old- 
time fear of a wood-demon; when a tidal wave rushes up 
a river, the modern knowledge of tides releases man from 
a. .blind .terror. And this. goes even farther, for when a 
lightiiiiig-Hash strikes, the daw of the association of ideas 
will leaa the mind to correlate the incident with Benjamin 
rraiikliii and with the harnessing of the lightning to many 
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j everyday uses. Having passed the stage of superstitious 

■ ■ wonder, man at once attempts to classify the phenomena 

I ’ of nature among those experiences of whose character 

already he feels himself sure. ^ ^ 

The earliest recorded beginnings of physical science 
were made, so far as history can testify, by the Chaldean 
I ' astrologers. Their study of the stars, however,^ directed 
' ' as it was rather to the prediction of individual aiiO national 
fIcMinies than to determining the real nature of the ma- 
tenal iinivci* 3 e, laid the ground-work for further study, 
^ but fieqiicathed little of practical importance in physics. 
I No great names in science have been beqiieatlied to the 

^ I m*orld*f)y Assyria or Chaldea. ' They may have fiirnislied 

I material for the imaginative genius of the Greeks, but the- 

' ^ latter alone were capable of formulating into a system the 

I •! vague wisdom or! the Orient. As John Lord remarks, 

I i *‘The Piast never gave valuable knowledge to the West; it 

J gave the tendency to Egyptian mysticism, which in its 

/i turn tended to superstition. Instead of astronomy, it gave 
.! astrology; instead of science, it gave magic, incantations 

I I , ■ and dreams.”- 

The Chaldean and Assyrian civilizations w-hich gave 
birth to the astrology of the Magi flourished and declined 
I in the fertile valleys of the Tigris and Euphrates. Nearly 
j a thousand years before them, however, there had been 
developing in the fecund region of the Nile the people 
who produced the first of those marvelous pyramids wdiich 
i remain to-day the greatest monuments of history. Some 

j considerable knowledge of physics and the elementary 

application of machines the Egyptians must have pos- 
sessed, or at least the builders of the pyramids, whoever 
they were. The stones are much larger than those used 
in architecture to-day. The columns of the Egyptian tem- 
ples still standing in ruins are immense. Travelers look 
with astonishment and admiration at the gigantic struc- 
tures whose walls, lintels, columns and entablatures are 
formed of material cut in extraordinary dimensions. No 
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scientific works remain to show how the ancient builders 
of Egypt managed to carry and put in place such large 
blocks of stone. Mura! paintings, sculptures and inscrip- 
tions are the. only means of conveying such slight informa- 
tion as has been handed down to the present generation. 

It has been held by some students of antiquity that the 
pyramids were designed as institutions to embody cosmic 
discoveries ; tor example, that certain specific measure- 
ments of the structure bear a definite ratio to such matters 
as the exact length of the earth's circumference and di- 
ameter, the length of an arc of- meridian and standard 
units of measure. Other theorists,- with far more prob- 
ability ill their favor, believe the : pyramids to have been 
constructed as the tombs of the great kings whose names 
are graven in the interior and whose sarcophagi, (with 
their mummies) are often found in the central chamber. 
Still others have declared that the' pyramids were used for 
astroiioniical study.' 

Whatever other purpose the pyramids may have served, 
they seem to have been, little adapted- for. observatories. 
It is a matter of common knowledge that an object viewed 
through, a roll of paper is better seen 'in detail than when, 
looked at without such aid. . Place ' a . lens in either end of 
the roll, adjust the focus of the lenses and. a telescope is' 
made. The eye takes In a great deal more than the mind 
perceives. In gazing at an object, especially at a distance, 
the detail of, the object is- obscured' by the ■ light , reflected 
from iiiiiidreds of other objects in' the neighborhood., ' The 
simple; roll of paper overcomes this difficulty in exactly, the 
same way that the ventilating -passages, the so-cali,ed,,^*teIe- 
scopes” of the, pyramids,. might'''do.,- A ’.star Is visible in 
broad daylight when viewed through such a long, narrow 
passage as w^ere these nine-inch “telescopes" of the pyra- 
mids. A fatal defect in this telescope thesis, however, is 
the fact that the earth revolves, and a star visible for a 
few seconds at the aperture of the passage would be lost 
almost immediately from the field of vision. 
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In their astronomical observations and in tfieir aritli- 
metical calculations the Egyptians were inferior to the 
Chaldeans. They were familiar with the true meridian 
and the length of the sidereal year. They did not know 
the signs of the zodiac, however, nor are there any inscrip- 
tions of Egyptian origin such as are found on the Assyrian 
bricks, wherein appear the square and cubic miiltlpHcatioii 
tables and the three hundred and sixty degrees of the 


—Great Pyramid, Showing ‘Telescopic^ Passages. 


circle. The Egyptian “zodiac” of the temple at Derderah 
IS now known to be a production comparatively modern 
in origin, even showing Greek influence. 

The tiellenic philosophers made the first definite classi- 
fication of elements, asserting that earth, air, fire and 
water were the four indivisible substances out of which 

wlT p “P- l^«ew a god of the 

water, Poseidon (Neptune); a god of earth, Anteus; a 
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god of fire, Pluto,_ while each of the four winds was a 
oeity. However^ simple and clear such a division might 
seem, modern science has proved that each of these sup- 
posed elements is divisible into several elementary sub- 
stances. Thus ordinary water, for instance, is known to 
be compounded of oxygen and hydrogen; air is a mixture 
of nitrogen, oxygen, carbonic acid gas and a number of 
other elements more recently isolated, among which helium 
is of especial inteiest; and so numerous are the component 
parts of earth that it seems most strange how it ever could 
have been conceived as an element at all. Despite all 
errors in explaining the phenomena of nature, however, 
Greece must be credited with having made the first real 
beginning of that “classified knowledge” out of which has 
developed the natural science of modern times. 

Thales, the founder of the Ionic school of philosophers, 
is reported to have determined the course of the sun from 
.solstice to solstice and to have calculated eclipses. He at- 
tributed an eclipse of the moon to the interposition of the 
earth between the sun and moon, and an eclipse of the sun 
to the interposition of the moon between the sun and earth, 
and thus taught the rotundity of the earth, sun and moon. 
He also held that water is the principle of all things— a 
somewhat egregious error from the modern point of view. 
As early as two hundred and eighty years before the pres- 
ent era Aristarchus, Hippocrates and Galen made many, 
scientific advances, but Physics was not yet strongly dif- 
ferentiated from its attendant sciences. 

The mantle of the Greek philosophers was caught up by 
Plmy, who perished in the eruption of Vesuvius in 23 a.d. 
His Natural History in thirty-seven books treats of every- 
thing in the natural wmrld— of the heavenly bodies, of the 
elements, of thunder and lightning, of the winds and sea- 
sons. Like nearly all the Greek and Roman philosophers, 
however, and many great theorists of later date, Pliny con- 
tented himself with theorizing. 

In mathematics, metaphysics, literature and art the 



6 


PHYSICS 


Greeks displayed wonderful creative genius, but In natural 
science they achieved comparatively, little.' “It would not 
be correct to say that . they possessed little or no aptitude 
for observing natural phenomena,’^ says. Floriaii Cajori in 
his ‘Tfistory of ' Physics/, -^'but it is true that , as a; rule, 
they were ignorant of the art of experimentation and that 
many of their physical '.speculations were vague, trifling 
and worthless. As compared with the vast anioiiiit of 
theoretical deduction about nature, the*’ number of experi- 
u'jerUs known to have been performed by the Greeks is 
sttrprisingly small. Little or no attempt was made to 
verify speculation by experimental evidence. As a con- 
spicuous example of misty philosophizing we give Aris- 
totle’s proof that the world is perfect: The bodies of 
which the world is composed are solids, and therefore have 
three dimensions. Now, three is the most perfect iiuniber 
—it is the first of numbers, for of one we do not speak as 
a number, of two we say both, but three is the first 
number of which we say all. Moreover, it has a beginning, 
a middle and an end/ 

Mechanical subjects are treated in the waitings of 
Aristotle. The great peripatetic had grasped the notion of 
the parallelogram of forces for the special case of the 
rectangle. He attempted the theory of the lever, stating 
that a force at a greater distance from the fulcrum moves 
a weight more easily because it describes a greater circle. 

Aristotle's views of falling bodies are very far from 
the truth. Nevertheless they demand attention, for the 
reason that, during the Middle Ages and Renaissance, his 
authority was so great that they play an important role 
m scientific thought ^ He says: ^That body is heavier 
than another which, in an equal bulk, moves downward 
quicker.” In another place he teaches that bodies fall 
quicker m exact proportion to their weight. No statement 
could be further from the truth. 

A modern writer endeavors to exonerate Aristotle as a 
physicist If he could have had any modern instrument 
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of observation — such as the telescope or microscope, or 
even the thermometer or barometer — placed in his hands, 
how swiftly would he have used such an advantage 
But in the case of falling bodies, the experiment was 
within his reach. If it had only occurred to him, while 
walking up and down the paths near his school in Athens, 
to pick up two stones of unequal weight and drop ^heni 
together, he could easily have seen that the one of, say, ten 
times the vv^eight did not descend ten times faster. 

Immeasurably superior to Aristotle as a student of 



Fig. 2 — Archimedes and the Lever. 


mechanics is Archimedes (287-212 b.c.). He is the true 
originator of mechanics as a science. To him belongs the 
honor of enunciating the theory of the center of gravity 
(centroid) and of the lever. In his ‘Equiponderance of 
Planes' he starts with the axiom that equal weights acting 
at equal distances on opposite sides of a pivot are in equi- 
librium, and then endeavors to establish the principle that 
*hn the lever unequal weights are in equilibrium only 
when they are inversely proportional to the arms from 
which they are suspended." His appreciation of its effi- 
ciency is echoed in the exclamation attributed to him: 
■*Give me,, where, I may stand- and I will move .the world." 

While the ‘‘Equiponderanee" treats of solids or the 
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equilibrium of solids, the book on “Floating Bodies” treats 
of hydrostatics. The attention of Archimedes was first 
drawn to the subject of specific gravity when King Flieron 
asked liim to test whether a crown, professed by the maker 
to be pure gold, was not alloyed with silver. The story 
goes that the philosopher was in a bath when the true 
method of solution flashed on his mind. He immediately 
eapt from the bath and ran home, shouting, “I have found 
It . To solve the problem, he took a piece of gold and a 
piece of silver each weighing the same as the crown the 
piece of silver being almost twice the size of the gold He 
then determined the volume of water displaced by the gold 

m ir Hi'' ‘ respectively, and from^ that^cal- 

culatcd the amount of gold and silver in the crown. The 
proportion of greater displacement in the crown above the 
pate of pure gold showed the extent of the alloy. 

n his “Floating Bodies” Archimedes established the 
inipor am principle, known by his name, that th^Inss of 
weight of a body submerged in water is equaltZ welh 
of the water displaced and that a floating body disnk^L 
s own weight of water. Since the days? ot Arcl'tSe' 

uressurr T conclusions on liquid 

V **^y^*'ostatic paradox” indicates 

admire the clearness of conception and almost oerfert 
cal^^ngor which characterize the investigationref l;clri: 

Archimedes is said to hare shown wond»rf..| .• 
genius in various mechanical inientior t/?/- 
that be astonished the court of Hieron by 

afnps by aid of a collection of pulleys. To hinri lcrF^T 
the invention of war engines and fhp » “-eimcd 
(‘‘.screw of Arebimpn.^-n . • , “ endiess screw 

holds of Shins to drain the 

Galileo,” perished inthTl'^^’, scientist before 

(212 U.C.). * Syracuse by the Romans 

About a century after Archimedes there flourished 
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Ctesibius and bis pupil Heron, both of Alexandria. They 
contributed little to the advancement of theoretical investi- 
gation, but displayed wonderful mechanical ingenuity* 
The force-pump is probably the invention of Ctesibius. 
The suction pump is older and was known in the time of 
Aristotle. According to Vitruvius, Ctesibius designed the 
ancient fire-engine, consisting of the combination of two 
force-pumps, spraying alternately. The machine had no 
air-chamber, and therefore could not produce a steady 
stream. Heron describes the fire-engine in his ‘Tneu- 
matica.” During the Middle Ages the fire-engine was 
unknown. It is said to have been first used in Augsburg 
in 1518. 

Ctesibius is credited with the invention of the hydraulic 
organ, the water-clock and the catapult. Heron showed 
the earliest application of steam as a motive power in his 
toy, called the ^^eolipile/^ It was the forerunner of Bar- 
ker's water-niiil and the modern turbine. Heron wrote an 
important book on geodesy, called '‘Dioptra."' 

The Greeks invented the hydrometer, probably in the 
• fourth century a.d. There appears to be no good evidence 
for attributing its origin to Archimedes. The hydrometer, 
a device in common use to-day for measuring the densities 
of water, milk and acids, is described in full by Bishop 
Synesius in a letter to Hypatia. It consisted of a hollow, 
graduated tin cylinder, weighted below. Immersed in a 
liquid, the depth to which it sank constituted a measure of 
the relative weight or density of that liquid. It was first 
used in medicine, to determine the quality of drinking- 
water, hard water being at that time considered unwhole- 
some. According to Desaguliers, it was used for this pur- 
pose as late as the eighteenth century. 

Since in such distant days, and with theories so diverse 
from those of modern times, the study of matter and of 
Its properties began, the question arises whether the initial 
problem has yet been solved. Theories have been multi- 
plied, modified, rejected, confirmed. Through eenturies the 
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adhered ta the atomistic school, of which the Greek De- 
I mocrittis of Abdera was the great classic expositor. He 

did not believe in the infinite sub-divisibility of matter. 

In his /‘Treatise on Light” the great philosopher con- 
cludes that “it seems extremely probable that the Creator 
so formed Matter that its primary particles, out of which 
all possible bodies afterward arose, was firm, hard, im- 
penetrable and movable.” These particles therefore could 
not through any known force be divided, hence all bodies 
! composed of these minute granules possessed interstices, 

I because otherwise their parts could not be separated from 

one another, and matter was therefore divisible only until 
its atoms were reached. Moreover, these primary particles 
possessed not only a power which subjected them to cer- 
tain immutable laws of motion, but also the capacity of 
being set in motion through other influencing causes, for 
example gravity, fermentation and cohesion. 

In accordance with these premises, Newton justly com- 
bated the theory of his great contemporary, Cartesius, 
that matter occupied all space. His excellent development 
of the idea of the resistance of a medium led to conclusions 
which inevitably contradicted Cartesius’ theory of filled 
space. In such a compact mass as the latter theory as- 
sumed, a mass which would be absolutely impenetrable, all 
motion must find an unlimited resistance. Cartesius as- 
sumed, it is true, that this subtle material was so finely 
divided as scarcely to exist at all, but Newton showed that 
this was only empty assertion. He based his opposition to 
the theory on the ground that the smallest subdividing of 
matter would not appreciably diminish the resistance 
which “filled space” would present to a moving body, espe- 
cially since the body in motion would enforcedly have a 
density not greatly dissimilar to the resisting medium. 
Therefore, he argued, a medium wherein bodies move 
without perceptible retardation must be immensely more 
attenuated than the bodies themselves. On the other hand, 
a cannon-ball projected into the “filled space” of Cartesius, 
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%e tliat fuedium ever so finely divided, woiilc! lose , more 
than' half its 'motion before it had moved a distance of 
thrice its diameter. It would be impossible , .on this sup- 
position: :for a man to. move from, a given spot, much less 
the heavenly bodies, whose courses show no perceptible 
retardaticm/as would inevitably be the case were they to 
be advancing through a.n absolutely dense medium. 

■The belief in “filled space^^ did not originate with Car- 
tesiiis. It is rather remarkable that the two thinkers who 
of all men in history most powerfully have swayed philo- 
sophic thoiigiit, Aristotle and Kant, were both exponents 
of the doctrine that space is continuously filled. 

The great ancient expositor of the atomic theory was 
Democritus of Abdera. He taught that the world consists 
|,; ! of empty space and an infinite number of indivisible, in- 

li visibly small atoms. Bodies appear and disappear only by 

the union and separation of atoms. Even the phenomena 
: ; of sensation and thought he affirmed to be the result of 

their combination. 

’ ’ Newton's belief in the granular, or atomic, nature of 

^ matter has been abundantly upheld by the evidence of 

; . modern research. It is true that the chemical atom is no 

longer considered the ultimate unit of material structure, 
i ‘ One brilliant writer on this subject has recently advanced 

I ij a series of exhaustive arguments in favor of the New- 

1 , tonian thesis. He points out, however, that it is by no 

r means an impossible conclusion that matter in the form 

! of interstellar ether may have properties quite different 

i from those which are observed of matter in the masS. 

; It has l>een remarked above that Newton did not attempt 

[ to describe the nature of force ; he merely assumed its 

) ; •' existence as evidenced by the behavior of matter. This 

was natural, for reason must commence with an assump- 
tion and arrived at conclusions based simply upon the 
* evidence of the physical senses. While force is generally 

conceived rather as an object of thought than of sense. 
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yet it should not be forgotten that force has just as real 
an existence as matter. 

Many and various definitions of matter have been made 
in the course of scientific history. It has been described,,, 
for example, as ^*that which occupies space/' or as ‘^the 
receptacle of energy/' or again as '‘the permanent possi- 
bility of sensation/' AH these may be brought under one 
of two general heads — either matter must be defined, as 
Bacon defined it, in terms of its properties, or it must be 
defined in terms of its coexistent phenomenon— force. It 
is clear that the physical world may be comprehended 
within the limits of these two notions — -Force and Matter. 
Force is that which acts upon Matter, Matter is that by 
which man apprehends Force. 

Force is by no means such a vague and various thing 
as is sometimes supposed. There is to-day a very general 
tendency among scientific writers to endeavor to reduce 
all force to a single underlying principle. The establish- 
ment of the theory of the Conservation of Energy ; the 
ready transmutation in everyday experience of various' 
forms of Force, such as the conversion of sound into elec- 
tricity and of the latter into heat, light, motion or chemical 
energy; the advances in the study of radio-activity and 
the general acceptance of the kinetic theory of gases all, 
point to an ultimate unification under some one great 
principle of the various forms of force. 

Gravity alone seems incapable of classification with 
other forces, and this is due to its independence of any 
quality but mass. Temperature will affect the conductiv- 
ity of an electric wire, solution is greatly influenced by 
pressure, light has a determinative effect upon physical 
liie as upon many chemical reactions, but gravity is not 
affected by these conditions of temperature or of the inter- 
vening medium. Its nature is utterly unknown. 

Electricity has long been held to be a form of force. It 
acts upon matter to change its condition; it is not an object 
of sense in a current-carrying wire or a charged Leyden 
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jar. It seems to be typical of what is popularly under- 
stood by the name force. Yet the study of the cathode 
rays by Sir \YIIIiam Crookes and his great co-workers in, 
this field of research — Roentgen, Hertz, Rutherford and 
others whose names are perhaps even more familiar has 
made it appa,rent that something closely resembling ma- 
teria! particles are actually discharged from the cathode 
or negative pole of an electric conductor when^the current 
passes, So strong indeed is the accepted belief that the 
nature of electricity is material rather than dynamic that 
Professor Remseii recently formulated the thesis that 
electricitv is one of the elements. 

To obtain a clear understanding of the most modern 
theories with regard to the nature of matter, a brief de- 
scription of the apparatus used by investigators is indis- 
pensable. Imagine an electric bulb or oval vessel of glass. 
In this are placed two electrodes, which may be either 
metallic points or bulbs, or, in short, any poles separated 
by smaller or greater intervals and charged with electricity. 
Their electrification will be maintained, for example, by 
placing them in connection with the terminals of an elec- 
tric current of high voltage. A short tube provided with 
a stop-cock allows the bulb to be exhausted of air. When 
the electric tension passes a certain limit a current is 
established. 

If the vacuum is maintained at something less than a 
thousandth of aii atmosphere this current appears as a 
soft rose-colored glow passing within the bulb from the 
positive to the negative pole. Sir William Crookes pushed 
the exhaustion of air in his experiments to a prodigious 
degree, the pressure being only one millionth of an at- 
mosphere. Concerning Crookes’ experiments, M. A. 
Dastre writes: *‘The English scientist claimed that when 
exhausted to this point the residue no longer has the prop- 
erties of ordinary gases. According to him it is a hyper- 
gas as different from the true gaseous state as the latter is 
from the liquid state and forming a fourth condition of 
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matter, following the solid, the liquid and the gas proper; 
this he called radiant matter. Crookes desired to deter- 
mine the nature of this fourth state of matter. In reality, 
the gas, rarefied to the millionth of an atmosphere, has not 
acquired, by this fact alone, an entirely new character; 
but it has acquired it most certainly when electrification is 
added to the rarefaction, and it is then that it constitutes 
the emanation or the cathode ray/^ 

The vacuum must not be pushed too far; if one goes 
beyond the millionth of an atmosphere — and the perfection 
of mechanism aliow^s going much further than that — the 
gaseous residue cannot be electrified; electricity will not 



Fig. 3 — Common Foicm of X-ray Tube. 


pass through; there is no longer a current. The electric 
force is incapable of penetrating absolute vacuum. The 
importance of this principle is very great from the theo- 
retical point of view ; it furnishes, in fact, a new test for 
matter. 

But in Crookes^ tube, in which the vacuum has been 
pushed to one millionth, the current behaves itself rather 
differently from what it does in the tubes where the rare- 
faction is less. The path of the current has lost much of 
its brilliancy ; it no longer appears as an uncertain glow, 
wavering, striated, of a hue intermediate between rose and 
violet All the remainder of the interior of the bulb now 
remains dark. The electricity passes as before between the 
positive electrode and the cathode or negative pole. The 
principal flow has been joined by a secondary one; from 
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til points of the tube the positive currents are ^directed 
toward the cathode and go to reinforce the principal ctir- 
rent. These positive charges which descend fro® 
points of the exterior* form the counterpart of the negative 
charges, which can be seen fixed on the cathode rays. 
Their existence, their development, their circulation result 
in consequence from the existence, the development and 
the iimTse cl rcnilation of the negative electricity that car- 
ries with it the catliode ray. 

Such is the cathode aflliix; it is composed of the current 
(lirccltd toward the positive electrode and of secondary 
currents directed from all parts of the recipient toward the 
cathode. This catliode afflux has, besides, the character 
and the properties that physicists and chemists attribute to 
the electric current. It touches directly the cathode. 

The afflux, however, is in fact perfectly distinct in every 
respect from the cathode radiation which follows it. The 
latter is formed of a pencil of rays perpendicular to the 
surface of the cathode. It traverses the tube in a perfectly 
straight line without being disturbed by the rays flowing 
toward the cathode in an opposite direction, of which we 
have just been speaking; it passes by them and through 
them unchecked. 

This new pencil implanted perpendicularly on the 
cathode is not luminous. It is not directly visible ; it forms 
a dark spot in the Crookes tube. It would entirely escape 
observation if it did not excite a peculiar fluorescence 
opposite to the cathode at the points where it meets the 
sides of the tube. The material of the glass becomes il- 
luminated at these points and presents a luminous brilliant 
spot of a green color. 

Crookes conceived the idea of arranging in the interior 
of the tube, in the path of the pencil of rays between the 
cathode and the wall, a cross of aluminum. He then saw 
outlined against the clear fluorescent background the exact 
silhouette of the cross. 


If the cathode is a mirror with spherical concave surface 
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the perpendicalar lines at the surface form a conic pencil 
and converge toward a focus. The effects peculiar to 
cathode rays are magnified by this concentration, in the 
same manner that the effects , of luminous rays are in- 
creased in the focus of a lens. In this manner Crookes 
was able to show the heating action of his supposed radiant 
matter; that is to say, of cathode rays. He succeeded in 


Fig. 4 — Cathode Radiation. 


fusing, at one of these foci, not only glass but a wire of 
iridium-platinum, an operation which requires a tempera- 
ture of more than 2,000°. 

When the cathode rays are reflected from a sheet of 
platinum within the tube the marvelous phenomena of 
X rays, or Roentgen rays, are produced. These rays are 
different in character from the cathode rays in that they 
pass readily through wood, flesh, cardboard and even thin 
sheets of metal. Their serviceability in locating and deter- 
mining the nature of a fracture in a bone is too well 
known to need comment 
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■f; Tlie cathode projectile does not depend upon, the nattire 

:v of the cathode. It has been proved to be composed of 

b hydrogen. It has its origin necessarily in the breaking, up 

|| of an atom of hydrogen. ( Villard showed that the .cathode 

j» rays exhibit the spectrum of hydrogen, and if every trace 

,l!' of this gas is removed the cathode emission is 'suddenly 

suppressed.) 

‘'Hydrogen/.' observes M. Dastre in the article quoted, 
f above, “instead.of being the final expression of simplicity 

and of lightness, as chemists believe, appears to be a quite 
complex edifice and rather heavy, since the current of the 
/ Crookes tube removes from the stones which represent it 

t but the thousandth part of its mass. These stones are the 

fragments of atoms, or the atomic corpuscles of J. J. 

, Thompson. The atom is no longer indivisible." 

The infinitesimal mass of an atom is a fact sometimes 
;; lost sight of in discussing the constitution of matter. It 

/ has been estimated from experimentation with colored so- 

lutions of a known concentration that the weight of an 
atom of hydrogen is less than 0.0000000000019008 oz. and 
!: its diameter is less than 0.000000002 in. 

I Following this line of inquiry as to the ultimate con- 

; stitution of matter, there has recently appeared an article 

- by Dr. W. D. Horne which reads in part as follows: 

! ''From considerations based (partly) on very elaborate 

mathematical calculations it is now maintained that mat- 
ter is composed of electricity and nothing else. Electricity 
; here is not considered as a form of energy any more than 

water is a form of energy, but as a vehicle of energy, 
which can be moved from place to place and whose energy 
must be in the form of motion or of strain. In motion it 
constitutes current and magnetism; under strain it con- 
stitutes charge, and in vibration it constitutes light." 

Continuing, the same writer says : ''Sir Oliver Lodge 
describes the atom of matter as constituted of an indi- 
vidualized mass of positive electricity diffused uniformly 
over a space the size of an atom, perhaps spherical in 
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shape and about one two hundred millionth of an inch in 
diameter. Throughout this small spherical space some eight ' 

hundred minute particles of negative electricity, all ex- [ 

actly alike, are supposed to be scattered, flying vigorously I 

about, each repelling every other and yet all contained j 

within their orbits by the mass of positive electricity. The 
positive electricity is very much attenuated and constitutes 
perhaps only about one per cent of the mass of the atom, ' 

while the negative electrons are correspondingly dense 
and so inconceivably small that the eight hundred are less 
crowded in their atom than are the planets in the solar 
system. Atoms of different kinds of matter are supposed ^ 

to be constructed in the same general manner and of the | 

same kind of electrons, but the number of electrons in an 
atom are proportional to the atomic weight of the element 
Thus oxygen would have sixteen times as many electrons 
in its atom as has hydrogen. When the crowding becomes 
excessive, as in the very heavy atoms of uranium (the 
heaviest substance known), thorium and radium, having 
atomic weights well over two hundred, the atoms become 
radio-active, probably due to numerous collisions between 
the electrons, some of which are being constantly shot 
away.*’ 

This perspicuous summary of the so-called electron the- 
ory is highly suggestive of the fundamental unity of force 
and matter. Moreover, the electron theory seems, so far, 
most in accord with the results of recent investigation into 
the physical basis of the material universe. 

Curiously enough, the medieval alchemists who, next 
after the Greeks, attempted to establish an orderly classifi- 
cation of the elements, actually anticipated one of the most 
modern theories regarding the properties of matter. They 
believed in the Philosopher’s Stone, which, if it .could but 
be discovered, would make possible the transformation of 
any or all of the baser metals into gold. Recent investi- 
gation has shown that something likfe a true Philosopher’s 
Stone actually exists and is known in the world to-day. It 
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: is a well accepted belief that the earth in its passage through 
space , gathers up constantly minute quantities of the gas 
^ lieliiim, so called because its spectrum was found first ' in 
the analysis of light from the sun and before the discovery 
of the element in the terrestrial atmosphere. The theory 
has lately been advanced that under the influence of helium 
the' nobler metals,. silver and gold, are slowly disintegrating 
and their electrons recombining through immense periods 
of time to form the baser metals, iron, copper, tin, zinc, etc. 

In a discussion of modern views on matter, Sir Oliver 
Lodge observed that the facts recorded in connection with 
the study of radio-activity constituted a phenomenon quite 
new in the history of the world. “No one,’^ he says, “hith- 
erto has observed the transition from one form of matter 
to another, tho throughout the Middle Ages such a transmu- 
tation was looked for. The evolution of matter likewise has 
been suspected by a few chemists of genius. It was per- 
ceived, on the strength of Mendeleeff’s law (the periodic 
law), that the elements form a kind of family or related 
|, series, and it was surmised that possibly the barriers be- 

1 tween one species and the next were not absolutely in- 

I frangible, but that temporary transitional forms might 

[ occur. All this was speculation, but here in radio-active 

I matter the process appears to be going on before our 

eyes.” ' 


! '' 


CHAPTER II 

THE PROPERTIES OF MATTER 

The foregoing* brief inquiry into the essence of matter 
leads naturally to a consideration of its properties. Of 
these properties the first and foremost is that of weight. 
The term ‘^ponderable matteP’ has long been used to dis- 
tinguish matter in the mass, whereby is plainly indicated 
the most fundamental property of matter as such. Even in 
ancient times it was realized that any consideration of mat- 
ter would deal primarily with questions bearing a definite 
relation to weight, and the development of the knowledge 
of the laws concerning the attraction of bodies for each 
other is closely allied to the inner history of Physics. 

In that renascence of learning and thought which suc- 
ceeded the gloom of the Dark Ages in Europe arose many 
great lights of science. Copernicus outlined the system 
which subsequently became knowm by his name. Kepler 
grappled with the problem of determining the paths of the 
planets. Galileo laid the foundation of experimental sci- 
ence. The belief in the earth as the center of the universe 
was then overthrown.^ Copernicus taught that the earth 
was not flat, but spherical; that it rotated on its axis arid 
revolved around the sun; that seasons are due to the in- 
clination of the earth s axis. He defined gravity as “noth- 
ing other than a certain natural appetite innate in the parts 
of matter by the divine providence of the Artificer of the 
universe, so that they assemble themselves in an exact 
unity, combining in the form of globes.^^ The marvelous 
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niatlieiTifitical insight' of Kepler proved the accuracy of the 
Copernican theory, and he demonstrated that the elliptical 
orfiit of .Mars would accord exactly with this .theory and 
with no other. 

The famous experiments of Galileo with falling bodies 
constituted as clear a proof of a principle , as ever man has 
made. The young investigator was the first actually to try 
ciiit the assertion of Aristotle that ' falling bodies would 
descend with a velocity proportionate to their weight—a 
slcsue weighing ten pounds would fall ten times as fast as 
a Slone weighing but one pound. Galileo did not believe 
this, and having found from experimentation that it was 
not so, openly proclaimed his conviction that Aristotle was 
wrong. His opinions w^ere hotly opposed by the learned 
professors of the University of Pisa. By agreement the 
case was put to the test, and from the top of the leaning 
tower of Pisa Galileo allowed a small cannon ball and a 
large bomb to drop together. ‘The multitude saw the balls 
start together, fall together and heard them strike the 
ground together. Some were convinced, others returned 
to their rooms, consulted Aristotle, and, distrusting the 
evidence of their senses, declared continued allegiance to 
his doctriue.^^ 

Galileo then experimented with a polished brass ball 
railing down a smooth incline, in order to establish the 
ratio between the distance traversed and the time of fall- 
ing, Clocks did not exist in his day, and he resorted to a 
very interesting and ingenious device for measuring the 
time elapsing during the progress of this experiment 
Attaching a small spigot to the bottom of a water pail, he 
caught the escaping water and measured its weight, com- 
paring the increase of weight with the distance traversed 
by the ball. From these experiments he found the distance 
to increase very closely as the square of the time. 

Galileo’s reflections had brought him to the confident 
belief that Copernicus’ theory of the solar system was as 
true as that of Aristotle was false. He taught and wrote 
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Hiticli in support of this doctrine and by his sarcastic rail- 
lery against the narrow prejudice of his contemporaries 
incurred the enmity of many. As an old man of nearly 
seventy he published a brilliant defence of the Gopernican 
system which aroused such fierce antagonism that he was 
forced publicly to abjure and to curse his “detestable 
heresy’ —viz., that the earth moves round the sun. His 
“E pur si muove” (But it does move !), uttered as he came 
forth from his trial, has become historic. 

The extraordinarily active mind of this investigator 
seemed ever to be discovering new and interesting phe- 
nomena. It is said of Galileo that while he was praying in 
the cathedral at Pisa his attention was drawn to the lamps 
which had been lighted and left irregularly swinging above 
the altar. His mind at once set oif on the question as to 
whether the period of a pendulum would vary exactly with 
the amplitude (width) of its vibration. He timed one oT 
the swinging lamps by his pulse and found that the period 
of vibration was exactly the same, no matter whether the 
pendulum was swinging violently or dying down to rest. 

Later experiments confirmed this conclusion and led 
likewise to the discovery that the length only of a pen- 
dulum affected the time of its oscillation. A slender wire, 
with a small steel ball for a bob, swings to and fro in 
exactly the same period as a heavy iron bar whose center 
of gravity is at an equal distance from the point of suspen- 
sion. Galileo found out that the swing of a pendulum 
varied as the square root of its length. Thus a pendulum 
four feet long will vibrate half as fast as a pendulum a 
foot long. 

The pendulum is used to-day in experimenting upon the 
attraction due to gravity in different parts of the earth, 
and by its help the flattening toward the poles of the 
curved surface of the earth can be exactly determined. 
The attraction due to gravity varies inversely as the square 
of the distance from the center of the earth. Thus a 
pendulum which possesses at New York a length of 39.1 


Fig. 5 — Foucault's Expekiment Showing Rotation of the 
;EARTH- 
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iHclies will vibrate once every second at that point of the 
earth^s surface. As it moves toward the poles the pendu- 
lum vibrates more rapidly. If the change of location is 
made in the direction of the equator the vibration is 
slower; this for the reason that the pull of the earth is 
less, since at the equator the pendulum is farther from the 
center of gravity of the earth. 

Of the same character was the famous Foucault experi- 
ment to show the rotation of the earth. On this experi- 
ment it was shown that a pendulum at rest, if of sufficient 
length, would oscillate owing to the motion of the earth, 
the various factors operating throughout the pendulum, 
each point of which was at a varying distance from the 
center of the earth. 

The discovery that a pendulum of fixed length always 
vibrated in the same period led naturally to the invention 
of the pendulum clock. For this invention credit has been 
ascribed to several unknown men, but it is probable that 
the honor should be divided between Galileo and his 
famous Dutch contemporary, Christian Huygens. The 
significance of this invention in the history of physical 
science is great indeed, when account is taken of the in- 
numerable forms of experimentation which have been 
reduced by its aid to exact sciences. 

While Galileo, Kepler and Copernicus had completely 
overthrown the ancient theory of Aristotle that the earth 
is the center of the universe, and had mathematically 
proved that the solar system revolves about the sun as a 
center, they did not show the ‘^%hy’^ of these new and 
startling discoveries. The puzzle stared philosophers in 
the face, What is it that causes the planets to move in 
their orbits? To this question Descartes proposed the 
novel and striking explanation of a series of whirls or 
vortices. All space, he argued, was filled with a fluid, the 
parts of which, acting on each other, caused circular 
motion. Thus the fluid was formed into a multitude of 
vortices of various density and size. A huge vortex round 
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tlie sun carries with it the earth and all the other planets. 
Each planet in the same way is the center of a vortex of 
Its own and draws bodies to itself in mnch the same way 
that a log of wood is drawn into the center of a whirlpool 
Cohesion between the different parts of a body he ex- 
plained in the same manner as the restilt of infinitesimally 
small vortices. 

Unsatisfactory as this vortex theory seemed and quite 
out of accord with the lavrs which Kepler’s intellect had 
formulated, yet the weight of authority lent to it by the 
great name of Descartes resulted in its persistence as a 
generally accepted theory until the middle of the eight- 
eenth century. 

Greatest of all natural scientists of this or any time 
and first to formulate completely and finally the laws of 
matter was the great English mathematician and physicist, 
'^prince of philosophers,” Sir Isaac Newton. It was re- 
served for his genius to show why the apple which falls 
from a tree falls dovm to the earth and not up to the 
clouds; how the earth, this infinitesimal point in space, 
does not rush headlong into the sun or fiy off at a tangent 
into the void beyond the solar system; why the wave re- 
bounds from the cliff and why the pendulum swings to and 
fro, Newton’s Law of Universal Gravitation is the cate- 
chism of astronomy; his Three Laws of Motion have be- 
come the basis of physics and the bed-rock of the science 
of mechanics. That which is known as Newton’s Law of 
Universal Gravitation is in brief as follows: 

Any two bodies in the universe attract each other with 
a force which is directly proportional to the product of the 
masses and inversely proportional to the square of the dis- 
tance between them. 

^ The term mass, as used here and generally in a physical 
discussion, refers to a constant quality of weight in a 
body. As a pendulum varies in its swing at different 
points upon the earth’s surface, so a pound of iron at the 
equator will weigh less than a pound in Greenland. The 
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infltience of the earth acts upon all bodies exactly as tho 
its whole mass were concentrated at the center. Hence a j 

pound weight at the surface of the earth, 4,000 miles from ■' 

its center, would weigh, according to Newton’s law of 
gravitation, heavier and heavier as it approached the 
center. Similarly if the weight were carried away to a 
distance of say 4,000 miles from the surface of the earth, 
it would weigh only one-fourth as much as it did at the 
surface, since it is twice as far away from the earth’s 
center. Or again, a body which would weigh 1,000 ounces 
at sea level would weigh about 998 ounces at the top of a 
mountain four miles high. Nevertheless the mass of the 
body — its power to attract other bodies— w^ould remain 
the' same. 

An athlete who weighs 150 pounds can leap at the sur- 
face of the earth over a bar six feet high. Carry him to 
the moon and the same muscular effort would carry him 
at a bound over an obstacle forty feet high and his descent 
on the other side would be comparatively slow. The mass 
of the moon being about one-seventh that of the earth, 
the same effort would accomplish seven times as much 
work, since the resistance to be overcome would be the 
mass of the man multiplied by the mass of the moon. 

If it is true that the earth attracts the moon, it is equally 
true that the moon attracts the earth, as is shown by the 
tidal wave which follows the moon in its apparent revolu- 
tion around the earth, and this attraction is equal to the 
product of the masses of the moon and the earth. Were 
the moon brought to a point one- fourth as distant as its 
present path around the earth, its speed of revolution 
would be enormously increased and its influence on the 
water surface of the earth would raise resistless mountain 
tides, sweeping the land from east to west as the earth 
revolved, Newton’s famous apple, detached from the tree, 
leaps to meet the earth ; but it is equally true that the earth 
leaps up to meet the apple. The relatively great disturb- 
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aace in the position of the apple is due only to the vastly 
greater mass of the earth. 

Newton^s great Laws of Motion “were stated thus : 

(i) Every body continues in its state of rest or uniform 
motion in a straight line unless inipelled by external force 
to change that state. 


Fig. 6 —Gravitation Drawing, 
Ascribed to the Pen of 
Sir Isaac Newton. 
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force is exactly balanced by the centripetal force which 
acts upon the earth exactly as two bits of floating wood in 
a quiet pond will come together or as a vessel drifts to 
meet an iceberg. The resultant of the two forces acting 
upon the earth may be apparent from the following dia- 
gram : 



7 » 
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Suppose the short side of the oblong, ES, represents the 
direction and extent of the sun^s attraction for the earth; 
then if ET, the long side, represents the tendency to fly 
off at a tangent, the resultant motion will evidently be 
between these two. Aristotle knew that if two such forces 
were acting at right angles on a body the resultant motion 
would be represented by the diagonal of a rectangle of 
which the forces were sides. The line EO, representing a 
part of the earth^s path around the sun, appears as a 
straight line only because it is taken as a very small arc 
of an enormous circumference. 

(2) Rate of change of momentum is proportional to 
the force acting and takes place in the direction in which 
the force acts. 

On a steep slope gravity impels a body more than on a 
gentle incline. A sled will gather headway faster on an 


28 


PHYSICS 


ance in the position of the apple is due only to the vastly 
greater mass of the earth. 

Newton’s great Laws of Motion -were stated thus: 

(i) Every body continues in its state of rest or uniform 
motion in a straight line unless impelled by external force 
to change that state. 





Standing on a moving car, the passenger is thrown vio- 
lently forward when the car comes to a sudden stop and 
backward when the car starts; he tends in each case to 
continue in the previous state, whether that were one of 
rest or motion. Water flies from a whirling grindstone, 
mud from the spinning wheels of a rapidly driven motor 
car.^ At each instant the world is rushing forward in a 
straight line through space, but at the same instant the pro- 
digious mass of the sun is acting upon it to pull the earth 
into itself. Between these two forces the earth is impelled 
m an almost circular orbit around the sun — the centrifugal 
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abrupt descent. A car will gain speed faster with a greater 
current through the motor. Other things being equal a 
ateamer w>th two propellers making 500 revolutions pe? 
minute would travel twice as fast as the same steamer 

under one propeller. Here, however, the resistance of the 

water at the bows (which increases for high speeds verv 
na.,ly as the cuba of ,ha spaed) and the Uirf ofVa.S 
astern which reduces the perfect efficiency of the screw 
would have to be taken account of. screw, 

(3)_ Newton stated his third law thus: To every action 
equal and opposite reaction. 

This does not mean that a bouncing ball will go on 
bouncing forever Every one knows that it will Jt It 
does not mean that the “kick” of a gun is exactly equal 

a pendulum will swing up on one side exactly as far as it 

Ser” the energy 

Sse nar? nf T accomplished, but in eafh 

art^A ^11- expended in overcoming resist- 

ance and doing work which cannot be seen. A temis ball 

Sfas if ^hout three-fourtL as 

high as the point from which it fell. Part of the energy 

of h?if expended in the flattening of the cover 
. the ball and part in overcoming the resistance of the 
1 It ^he kick of the gun is taken up by a padding of 
cl(^hes; the pendulum is retarded by friction. ^ 

I he most elastic solid in the world is steel. To the 

mXk[ a ! r? ®"^h resilient 

material as rubber or ivory is the most elastic. This is 

^ strains it is true that 

rubbed has very great elasticity; the tendency of its mole- 
cules to resume their former positions after being distended 
It Beyond the limit of this tension, however 

“plecules fall asunder and the band 
Dreaks. A steel piano wire, on the other hand, will carry 
strains varying from one or two pounds to many hundreds 
oi pounds, will stretch regularly under the tension and 
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will always resume its original length. Many hundreds of | 

stretchings will not measurably increase the length of the ® 

wire. If the elastic limit is reached, however, the mole- 
cules will not resume quite their former positions. As 
before observed, the elastic limits for steel are very wide 
indeed. 

A plastic substance such as lead, on the other hand, pos- 
sesses almost no elasticity. Its reaction to molecular dis- 
placement appears in the form of heat generated among 
the molecules. A very little hammering will soon make a 
piece of lead too hot to touch, while the same work done 
upon a piece of iron of the same weight does not appre- 
ciably warm it, for the reaction comes mainly in the re- 
bound of the hammer from the iron. Steel is more elastic 
than iron and iron more than any other metal. 

The extreme elasticity of steel may be gathered from 
the results of experimental evidence, whereby it has been 
shown, that a drawn steel wire one millimeter inch) 
in diameter returns completely to its original length so 
long as the stretching force is less than 32 kilograms {70 
pounds). Within this limit, therefore, steel is said to 
possess perfect elasticity. A drawn copper wire of the 
same diameter shows perfect elasticity only until the 
stretching force has reached 12 kilograms (about 26U 
pounds). 

Robert Hooke, a contemporary and friend of Newton, 
formulated about the end of the seventeenth century what 
is known as Hookers Law, which states : 

^ "Within the limits of perfect elasticity elastic deforma- 
tions of any sort, be they twists or bends or stretches, are 
directly proportional to the forces producing them.'^ 

This means simply that a rubber ball, a steel ball, an 
ivory ball or almost any sort of solid body will, if com- 
pressed, resume its former shape as soon as the pressure 
is removed, provided that the compression has not been 
too great. The greater the strain necessary to produce a 
small deformation, the greater is said to be the elasticity 
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at a temperature higher than 220° rPnhr^nhL^ ^ , 

siliiiil^li 


33 


THE PROPERTIES OF MATTER 

expanding liquid hydrogen into a space continually ex- 
hausted by an air pump, reaching thereby the incredibly 
low temperature of 430.6° Fahr. below zero. The record 
of extreme cold has been carried even farther back than 
this. In July, 1909, Prof. H. Kamerling Omnes, of Ley- 
den, by evaporating liquid helium into an exhausted tube 
obtained a temperature which nearly reached 3° ^abso- 
Me: This would equal 270° Centigrade, or 454° Fahren- 
heit, below zero. 

Galileo had proved that air has weight by weighing, a 
glass globe, forcing more air into it and weighing it again. 
The increase of weight he rightly attributed to the added 
air.^ It did not occur to him, however, that the weight of 
^r had anything to do with nature’s horror of a vacuum. 
He was amazed when informed that a lift pump had been 
constructed with a tube about forty feet long and that no 
amount of pumping would cause the water to rise higher 
than about thirty-three feet. He observed that Nature’s 
horror of a vacuum was an instinct which she did not 
always display. Above the water was a vacuum, but the 
water refused to fill it. So, said he, Nature’s dislike of a 
vacuum might be measured by the height of the column 
or water which it would support. 

Galileos friend and pupil, Torricelli, musing over this 
suggestion, came to the conclusion that the weight of the 
water in the suction pipe was supported by the weight of 
air upon the cistern outside. Torricelli knew that mercury 
was about thirteen times as heavy as water; he reasoned 
nat the air ought to support a column of mercury one- 
thirteenth as high as the column of water in the* suction 
pump He had a glass tube made about 33 inches long, 
closed at one end and completely filled with mercury. 
Closing the open end of the tube with his finger, he in- 
verted it in a dish of mercury. The mercury sank a little 
way m the tube and came to rest with its surface 30 inches 
above the free surface of the mercury in the vessel below, 
lorricelli had constructed the first barometer. 





^ The ^name of Pascal is indissoIuMy associated with the 
hydraulic press. He was interested, however, in Torri- 
tw experiment and, having tried it, concluded 

that the vacuum is not impossible in Nature and she does 
not shun it with so great horror as many imagine.” Pascal 
reasoned that if one were to ascend a mountain, the pres- 
sure of the air at the greater elevation should be less, 
would be less air overlying the mountain top 
than there was overlying an equal area of the plain. Ac- 
cordmgly he wrote to his brother-in-law, who lived near 
toe t^uy de Dome, an ancient volcano in the Auvergne 
h ranee, asking him to ascend the mountain with a Torri- 
cellian tube and observe whether the mercury column 
would Mt fall because of the diminished atmospheric pres- 
sure. Ihe experiment was made and it was found that 
he mercury column became three inches shorter during 
the ascent, but gradually resumed its previous length dur- 
ing the descent to the plain, ^ 

repeated Torricelli’s experiment with wine 
instead of mercury, and he found, as he had inferred, that, 
since wme IS less dense than water, the atmosphere bal- 
anced a column of it which was longer than the water 

*1, 1-1 would take a longer column of 

the lighter fluid to make the same weight 

The hypothesis of Torricelli and Pascal as to the pres- 
mre of the atmosphere was thus placed upon a firm experi- 
niental basis and was now competent to explain the 
phenomena of pumps, but it required the evidence of many 
mwe experiments to secure its general acceptance. 

_ Ihe most remarkable man of this period, however in 
view of the multitude and the ingenuity of his experiments, 
f Guericke, who later became mayor of the 

blJome ® Magdeburg Hemispheres have 

become a familiar word owing to his famous experiment 

1654 at Regensburg before the Reichstag and the 
rman Emperor, Ferdinand III. Two hollow hemispheres 
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markable experiment. They were fitted at either end with 
heavy iron rings and provided with a tube and stop cock. 
The edges were made broad, smoothed and polished to a 
perfect plane so that they might fit exactly together. Then 
the air was pumped out of the interior, the stop cock 
turned off and twelve horses, six at each end, were hitched 
to the rings in the hemispheres. Their combined efforts 
failed to overcome the pressure on the outside of the 
spheres. Another team of horses was attached, and yet 
another, and the spheres were finally pulled apart. 

A simple calculation will show that this result was in- 
evitable, the average horse, it is estimated, being able to 
exert a pull equal to about 600 or 650 pounds horizontally. 
According to the known formula for the surface of a 
sphere of 1.2 feet diameter, these hemispheres would have 
about 652 square inches area. Reckoning the atmospheric 
pressure upon the outside of the tw-o hemispheres at 15 
pounds to the square inch, and assuming that the internal 
pressure has been reduced to a negligible quantity, it is 
apparent that the pressure to be overcome would equal, 
roughly, 9,780 pounds. According to von Guericke^s cal- 
culations, a force of 2,686 pounds would overcome the at- 
mospheric pressure upon the exterior of the spheres. Here 
must be some error ! 

There is extant a quaint old engraving showing the 
horses endeavoring to separate the exhausted hemispheres. 
On the occasion of this experiment von Guericke asserted 
that if you were to blow your breath into a large exhausted 
receiver, you would that moment breathe your last. The 
truth of this being doubted, he iilustrated the power of 
“suction’’ by a new experiment. “A cylinder of a large 
pump had a rope attached to its piston, which led over a 
pulley and w’as divided into branches on which twenty or 
thirty men could pull. As soon as the cylinder was con- 
nected with an exhausted receiver the piston was suddenly 
pushed down by the atmospheric pressure and the men 
at the ropes were thrown forward.” 
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distinguished mayor of Mas- 
aeburg was his own invention. The unner h,,iu 
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periments Touching the Spring of the Air” and stated the 
law which has since borne his name; 

Under like conditions of temperature and pressure the 
volume of a ps varies inversely as the pressure upon it. 

We took then a long glass tube,” he writes, “which by 
a dexterous hand and the help of a lamp was in such a 
manner crooked at the bottom that the part turned up was 
almost parallel to the rest of the tube and, the orifice 
of this shorter leg being hermetically sealed, the 
length of it v^as divided into inches (each of which was 
divided into eight parts) by a straight list of paper, which 
containing’ those divisions, was carefully pasted all along 
It. (A similar strip of paper was pasted on the longer leg.) 
Then as much quicksilver as served to fill the arch or 
bended part of the siphon was poured in so as to be at the 
same height in both legs. This done, we began pouring 
quicksilver into the longer leg till the air in the shorter 
leg was by condensation reduced to take up but half the 
space It possessed. We cast our eyes upon the longer leg 
ot the glass and we observed, not without delight and 
satisfaction, that the quicksilver in that longer part of the 
tube was 29 inches higher than the other.” 

Experimentation in measuring the weight of the air was 
naturally followed by efforts at more exact estimations of 
temperature. _ The air thermometer of Galileo was an ex- 
quisitely sensitive instrument, but having an exposed liquid 
sm-face was subject to barometric influences as well as 
those of heat and cold. Fahrenheit, toward the end of this 
gntury, devised the thermometer which bears his name. 
He selected his zero at the lowest temperature which he 
knew how to obtain and took the highest fixed point at the 
temperature of the human body. He divided this space 
into twenty-four equal parts and then, finding these de- 
grees too large, subdivided each into four parts, thus 
making the temperature of the body 96°. On this basis 

happened to come 

a 32 and the boiling point of water at 212°. And there 
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S- -7 fact that all modern 

f f temperature on the excellent Centigrade 
scale of Celsius whereon the freezing point of water t 
zero and the boiling point ioo°. 

Nearly a century after the invention of Fahrenheit’s 
thermometer and fifty years later than that of the Swedish 
astronomer Celsius, need was found for a third type of 
thermometer The experiments of Charles, Dalton; GaJ- 
Lussac and others had determined the fact that for every 
degree Centigrade of increase in temperature above zero 
the volume of a gas increased by sh of itself. Similarly 
a decrease of i below zero meant a decrease of 
_ volume of the gas. A decrease of 2° meant a reduction 
m volume of j. Hence a fall of 273° would mean a 
reduction of f?f, or, in other words, the volume of the 
gas would be reduced to zero. This was absurd, for the 
law of the indestructibility of matter would not allow that 
some ing could become nothing. The explanation, how- 

iquid before reaching this point, and it is a matter of com- 
mon knowledge that liquids are practically non-compress- 
ible The temperature of 273° Centigrade then was taken 
as the zero of the absolute scale, because it was believed 
(and there is yet no evidence to disprove it) that at that 
temperature the molecular motions of all bodies would 
molecules would be perfectly at rest. 

Witjj this thermometer in mind, the statement of the 
Iaw_ of gases, called Charles’ Law, or Gay-Lussac’s Law, 

IS simple. It was: ’ 

The volume of a gas varies directly as the absolute tem- 
perature. 

Brief mention herein has been made of the remarkable 
experiments of William Crookes upon the so-called cathode 
rays in the highly exhausted tubes which have since borne 
nis narne. In the course of his investigations upon the 
properties of the newly discovered element, thallium, he 
attempted to carry out the necessarv xirAi rcVi t /VO 
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in a vaeutim, in order to avoid the effect of the buoyancy 
of the air. Irregularities in the weighings which he was 
<|uite unable to explain led him to the invention of his 
famous radiometer, an instrument now common enough in 
the windows of opticians’ stores. 



Fig, 8 — Crookes' Radioheter. 

It consists of a delicate paddle wheel with four metallic 
vanes, polished on one side and blackened on the other, 
mounted so as to revolve in a partially exhausted tube. 
Light falling upon the dark surfaces is absorbed, and the 
temperature of the residual gas next these surfaces is 
therefore raised in accordance wdth the well-known fact 
that “black is a warmer color than white.” Higher tem- 
perature means greater molecular activity (as will appear 
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in the chapter on Heat). Hence the vanes are 

to ether waves, but by exhausting the bulb to an extremely 

thfrefor^feTl ^ the wheels did not revolve. He 

fell back upon the modern Kinetic Theorv n-f 

?anes’brthe“‘'T ‘'f bombardment of the 

vanes by the molecules of gas left in the tube. 

rallv ®,^^“'”^tion of the properties of gases began natu- 

Human mind into the characteristics of liquids beo-an with 
an investigation of the properties of water The^torT S 
rchimedes and the crown problem is probably the earliest 
histone record of the study of hydrostatics tho PW 
makes mention of a Phenician who devised a highly in- 
g ous scheme for transporting along the Nile two great 
columns of an Egyptian temple. The columns were rolled 

the Nfl! *he bank of 

uSifthev away from under them 

of sand wl ® J scows full 

tof n fiT underneath them. The sand was 

place of ““ ‘'“= 

No systematic study of displacement and pressure in 

’’h I’Pqiilibfe 

fLle n ^ the liquid so as to act with undiminished 
force on eveiy part of the containing vessel. 

water if a ne follows that a vessel full of 

for fuTtiolvfnf mechanics and a new machine 

tor multiplying forces to any degree we choose.” 

e y raulic press is the direct outcome of PascaFs 
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principle of transmitted pressure. The mechanical advan- 
tage of this machine depends simply upon the relatsve size 
of the surfaces at which the force is applied and the power 
produced. If, for instance, the piston of the pump has an 
area of lo square inches and the press itself has contact 
with the water over a surface of i,ooo square inches, the 
result will evidently be a power loo times as great as the 
force. The press will move, however, only jiw as far as 
the pump piston, for force is indestructible. 


The particles of a liquid being constantly in motion, it 
follows that, altho every molecule attracts every other 
molecule in a vessel of water, yet some of the molecules 
constantly will be acquiring as a result of collision or tem- 
perature a speed which will carry them beyond the attrac- 
tion of the other molecules. This is what is meant by 
evaporation. The larger the exposed surface of the liquid 
me greater the possible number of escaping molecules. 
Ihis explains why water evaporates so much faster when 


—Ancient Mode of TuAKSPOSiTiNis Pillar, 
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°f the liquid 

meTa Sl^ the bubbles. 

When a vessel of water is heated, bubbles of gas are first 

vJ sel ?£' bouL of t2 

water rnn^ of which all 

rises the ,! f • P^Portion. As the temperature 

ular veloHn’"^*^ air, owing to their increased molec- 
form h. hM of solution, combining to 

wier afthe'bntr'^^tf been driven oufth: 

S is ^ vessel, owing to excessive heat- 

aptars The phenomenon of boiling 

the sal w " I i>^‘o it in exactly 

evaporatioiT^S ^ air-viz., by 

2ZZT 1 Similarly hqmds dissolve in each other as 
cnlorine or alcohol in water. 

diSr surface of a liquid makes boiling more 

Robert Bov^ r , ^^^dily explain this fact, for as 

fure dieV^h^v n that under pres- 

of mnlee^i ^ ^ ^ ®t”f het volume, since the same number 

gas abovftheToV^*' the molecules of 

S rol fir th T together and will leave 

expected th=t ! -^onowing this reasoning, it is to be 
TlS^thl VI u'^ exists above the free surface of 
?nS the Lif "^"P°"^te more rapidly. Such is 

S mal thS ^ pretty demonstration of it may 
plaSd upon ; i ^ ^‘th a little ether in it be 

SmVand ihi Vi? under the receiver of an air 

Sie enVif i T ®f^«ted of air it will be found at 
the end of a couple of minutes that the watch dass is 

Ssi ranV,*'^ V teceiver. Thl etrertvapo! 
tSlf the wfV Z T that the tempera- 

SaJw tS °T ”” 

receiver to tl ^ connected a large exhausted 

lowed “a W ^ °f wine there fol- 

lowed a loud boiling noise,” which continued for some 
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time. He did not know how to explain this sound, but 
to-day, with the aid of the experimenters of nearly three 
centuries, it would be accounted for by saying that the 
exhaustion of the air which rushed into the receiver caused 
such a rapid evaporation of wine in the cask as to produce 
the phenomenon of boiling. Exactly similar results may 
be produced by half filling a thin bottle or flask with boil- 
ing water. If the flask be now tightly corked and inverted 
the application of any cool substance, such as a wet cloth 
or the pouring of cold water over the bottom, will cause a 
contraction of the vapor-laden air within. This contrac- 
tion, by relieving the pressure upon the surface of the 
water, will cause the latter to boil again. The operation 
may be repeated many times without reheating. 

A question naturally suggests itself in this connection. 
Why is evaporation a cooling process ? An answer may 
readily be found in that extremely serviceable Kinetic 
Theory of Gases, If the molecules of a gas are traveling, 
as has been pointed out, in open parabolic paths, these 
curving orbits are likely to intersect more frequently when 
the molecules are crowded and jostled together than when 
left comparatively free and untrammeled. A man walking 
along a country road feels far less conflict with the sur- 
rounding objects of nature than with the busy throng 
which hustles him and the cares that crowd upon him in 
the swarming city streets. His mental state is more placid, 
cooler. So is it with those entities called molecules, and 
the greater the expansion the more marked will be the fall 
in temperature. 

The question may even be asked as to why a gas expands 
into a vacuum. For the present an answer must be found 
in the equilibrium of forces and the fact that particles of 
matter, like the charged corpuscles of an electric current, 
or the drops of water in a flowing stream, follow the path 
of least resistance and move in that direction determined 
by the sum of the forces acting upon them. On this basis 
may also be explained the familiar phenomena of capillar- 
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ity and osmose or diffusion in liquids — the fact that a lump 
of sugar, if allowed to stand for a while, will sweeten a 
whole glass of water without stirring. 

Evaporation is but an instance of the adjustment of 
forces to an equilibrium. When the air above a dish of 
water is confined by a cover, evaporation will proceed 
only until the vapor is saturated with the particles of 
water which have jumped out of the dish. W^hen the point 
of saturation is reached there wdll be as many molecules 
leaping back to enter the liquid as those which free them- 
selves from its surface. Evaporation therefore will cease. 

In tlie same way solids whose particles are evaporating 
from the surface may saturate the air around. If the air 
is conhiiai, evaporation will cease at saturation. Camphor 
which is carefully protected from air will act for many 
months or e\’'en years as a deterrent to moths, but if left 
exposed the rapidity of its evaporation is shown by the 
fact that a piece of camphor brought into a room may be 
detected from any part of the room in a few minutes. 
The exquisite odor of a bunch of roses will quickly per- 
fume a large room, and the perfume of flowers consists of 
the particles of matter being thrown oflf by evaporation. 

Not gi'eatly unlike the phenomenon of crystallization in 
the fixation of its molecular particles is magnetism, one 
of the oldest observed physical phenomena. Pliny says the 
word magnet” is derived from the name of the Greek 
shepherd Magnes, who on the top of Mount Ida observed 
the attraction of a large stone for his iron crook. It was ' 
also ioa-own to the ancients that artificial magnets may be 
made by striking pieces of steel with natural magnets, but 
It was not until about the twelfth century that the dis- 
covery was made that a suspended magnet will assume a 
north and south positicMa. The compass, said to have been 
mtroduc^ into Europe frexn China, appeared first about 
1190. Tne incalculable value to the world of this discovery 
IS patent. It meant sciemtific navigation, exploration and 
the discovery of the Now World. 
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With Galileo in Italy, “the originator of aaodern 
physics,” may well be placed William Gilbert, “the father 
of the magnetic philosophy.” Gilbert was appointed by 

Queen Elizabeth her physician-in-ordinary, and she settled 
upon him an annual pension for the purpose of aiding* him 
in the prosecution of his philosophical studies. His first 
investigations were in chemistry, but later, for eighteen 
years or more, he experimented on electrieity and magnet- 
ism. In 1600 he published his famous treatise, ''De Mag- 
nate, in which he showed as the resnlt of careful experi- 
mentation that the compass points to the north, not be- 








Fig. 10 — Early Chinese Compass. 

cause of some mysterious influence of the stars but because 
the earth is itself a great magnet. 

In reading over the six books of this great work, one 
cannot fail to be struck by the variety of the author’s 
accomplishments. He writes in Latin and intersperses his 
pages with frequent Greek quotations ; he is familiar with 
poets, historians and philosophers and discusses with clear- 
ness and fulness all the chemical and physical knowledge 
of previous ages. The work is truly monumental. It also 
contains Gilbert’s own numerous valuable and costly con- 
tributions to magnetic science. First among these is his 
grand geaeralization, “the new and till now unheard of 
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view, that the earth is a great magnet; and he is not 
afraid to say that this novel view “will stand as firm as 
aught that ever was produced in philosophy, backed by 
ingenious argumentation or buttressed by mathematical 

demonstration/' 

Gilbert’s contempt for the methods of the schoolmen 
crops out everywhere in his book. “Why should I,” he 
writes boldly, “submit this noble and this new and inad- 
missible philosophy to the judgment of men who have 
taken oath to follow the opinions of others, to the most 
senseless corrupters of the arts, to lettered clowns, gram- 
matists, sophists, spouters and the wrong-headed rabble, to 
be denounced, torn to tatters and heaped with contumely? 
to you alone, true philosophers, ingenuous minds, who not 
only in books but in things themselves look for knowledge 
have I dedicated these foundations of magnetic science— a 
new style of philosophizing." 

Gilbert did not explain, nor has any satisfactory explana- 
tion yet been offered, as to why iron and steel are the only 
substances which exhibit marked magnetic properties. 
JNickel and cobalt are appreciably attracted by a strong 
magnet, but the other metals, copper, zinc, tin, lead, etc. 
show complete indifference to magnetic influence, while 
bismuth and antimony are actually repelled by it. In this 
unique restriction of its application to one or two sub- 
stances magnetism as a force stands alone. It is generally 
held to be due to a molecular adjustment. The facts that 
magnetic iron heated red hot and beaten loses its mag- 
netism, that a magnet hung north and south and beaten 
likewise loses its magnetism, make it apparent that magnet- 
ism IS due to the arrangement of the molecules of the mag- 
netized body. ^ 

The expansive tendency of the molecules of a gas under 
ordinary conditions of temperature and pressure is quite 
different from the behavior under like conditions of the 
molecules of a liquid or a solid. There is every reason to 
suppose that the molecules of an unconfined gas would 
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cKpand indefinitely into space. In accordance witli current 
belief the molecules of every substance are in motion. 

*Tn the solid state/’ writes a prominent American phys- 
icist of to-day, ‘*it is probable that the molecules oscillate 
with great rapidity about certain fixed points, always being 
held by the attractions of their neighbors — i.e,, by the 
cohesive forces — in practically the same position with ref- 
erence to other molecules in the body. In rare instances, 
however, as the facts of diffusion show, a molecule breaks 
away from its restraints. 

“In liquids, on the other hand, while the molecules are 
in general as close together as in solids, they slip about 
with perfect ease over one another and thus have no fixed 
positions. This assumption is necessitated by the fact that 
liquids adjust themselves readily to the shape of the con- 
taining vessel. In gases the molecules are comparatively 
far apart, as is evident from the fact that a cubic centi- 
meter of water occupies about i,6oo cc. when it is trans- 
formed into steam, and furthermore, they exert practically 
no cohesive force upon one another, as is shown by the 
indefinite expansibility of gases.” 

A highly illuminating discussion of the actual motions 
of molecules in these three fundamental states of matter 
has recently been given by J. W. Richards (president of 
the American Electro-Chemical Society) in an article 
entitled ^Kinetic Molecular Energy.’ Dr. Richards writes : 

The conditions of molecular motion is chiefly determined 
by velocity. According to the velocity of the molecules 
we have solids, liquids and gases. Within the lowest 
range of molecular velocity the movement of the mole- 
cules is oscillatory ; we have a fixed relative position ; the 
b^y has a size or shape ; it is a solid. Within the next 
higher range of molecular velocity the velocity is able to 
carry the molecules just beyond the reach of opposing 
forces; the molecuies move in closed elliptic orbits (like 
the planets round the sun); the body loses its form and 
shape, but retains its volume; it is a liquid. When the 
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molecular velocity is raised still farther the molecules 
move m open parabolic paths; the body not only has no 
shape or form, but actually tends to increase its volume- 

it IS a gas.” ’ 

If attraction is exerted between the molecules of a sub- 
stance It must be conveyed by some medium other than 
matter. This conclusion is involved in the hypothesis of 
the granular nature of matter, for force acting at a vacu- 
ras distance is unthinkable or at best incomprehensible, 
^e cohesion of the molecules of a substance thus resem- 
bles gravity, which reaches across the enormous inter- 
planetary spaces to grasp the masses of the planets and 
hold them m their courses round the sun; like gravity 
also the cohesive force which renders substances elastic 
does not seem to consist of material vibration or ether dis- 
turbances. Cohesion acts through infinitesimal spaces upon 
bodies infinitesimally small; gravity spans distances im- 
measurable to guide a myriad of suns and systems. Yet 
^th these forces are conveyed through a medium at once 
mhnitely ngid, since^ it is non-compressible, and infinitely 
fine, since it is frictionless. The distinguished author of 
the electro-magnetic theory of light, speaking of the char- 
acteristics of the ether, writes: 

“The vast interplanetary and interstellar regions will no 
onger be regarded as waste places in the universe, which 
the Creator has not seen fit to fill with the symbols of the 
manifold order of His kingdom. We shall find them to be 
already full of this wonderful medium; so full that no 
human power can remove it from the smallest portion of 
space or produce the slightest flaw in its infinite continu- 
ity. It extends unbroken from star to star, and when a 
molecule of hydrogen vibrates in the dog star, the medium 
receives the impulses of these vibrations, and after carry- 
mg them in its immense bosom for several years, delivers 
them, in due course, regular order and full tale,’ into the 
spectrosco|>e.” 


CHAPTER III 


It has been said that the history of man begins with the 
discovery of fire. How many conveniences of modern life 
are dependent in the last analysis upon the use of fire, it 
would be hopeless to attempt to enumerate. The survival 
of the human race with its primitive undeveloped physique, 
helpless for defense or attack except by virtue of superior 
cunning, would never have been possible without the aid 
of fire. It is, indeed, a well-known fact that life in any 
form is directly dependent for its development upon con- 
ditions of temperature. The myriad forms of physical 
life that are hourly born upon the surface of the globe owe 
their existence to the heat radiated from a gaseous ball, 
some 93,000,000 miles away. 

All heat in the world — excepting the negligible quantity 
reflected from the moon or transmitted from the stars^ — 
must be traced originally either to falling meteorites or to 
the sun. The warmth of the air, the rocks and the water is 
derived from these sources. Even the heat of a coal or 
wood fire is but an expression of solar energy, for it was 
the sun^s heat which, through the growth of vegetable 
tissue, yesterday, or a million years ago, transformed the 
incombustible soil into a form apt for the burning. 

The heat received by the earth from meteors would be 
nearly the same in amount as that which it receives from 
the sun by radiation, but for the probable circmmstaace thal: 
iiese metseers, rea-ching the earth's atmosphere aa ex-' 
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ceedingly low temperature, radiate most of the heat en- 
gendered in their approach into outer space. Fororacticai 

purposes, then, the sun may be considered as the orimnal 

“SI - rrs; 

r t ^‘‘’ration energy of molecules of matter- 
solid, liquid, or gaseous. Here must be noticed the dif 

by the sun to tt T heat, energy is transmitted 

into mni? 1 ‘he earth. It is converted from radiant heat 

Sl eJrth and tb '? “"5"? o1 

, and the material bodies, so incited afforri 

phenomenon commonly known as heat ’ 

"ever possible 

before the dissociation of the ideas of the vibratorrnbf 
nomenon of heat and the sensation of it. By the 2 of his’ 
ense of touch mainly, man has learned to decide in a ^en 
era! way whether a body is hot or cold, and wheSer f is 
losing it Conclusions based on this sense 

mistaken fo^ tbat' sensation of heat may often be 
‘hf‘ of cold, and vice versa. If one hand is 
ft * ' 5 ° the other into water as hot as 

an endure, and after a minute or two both hands are 
thrust into water at blood-heat ^ 

will fppl neat (9^^ jn.)^ this same water 

feel cold to one hand and warm to the other Evidentiv 
he temperature sense is a relative matter. Sat al a sen 
^ to the domain of SdkiS o^ 

Z'Hm h^^-t ^s a form of vibration, however is a 
leptimate object of physical investigation. 

en m'' " iheteenth century physicists ffenerallv 

weightiest fluid, ihich 

Sd T to become hot or 

observed in thelf f readily enough with the facts 
Observed in the heating of a body held in a flame, or near 
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anotlier liot body. It did not account for the heat pro- 
duced by friction. In 1798 Benjamin Thompson, Count 
Rumford, an American by birth, brought forward the 
molecular theory of heat, according to which the increase 
in the temperature of a body means simply an increase in 
the average velocity of its molecules. This theory, tried 
out and carefully tested by the great English physicist, 
James Prescott Joule, in an exhaustive series of experi- 
ments, has proved thus far the best working hypothesis of 
the nature of heat 

“The earliest traces of the theory that heat is matter,^’ 
writes Florian Cajori, “are found in ancient Greece 
among Democritus and Epicurus. In modern times it was 
advocated by Pierre Gassendi and Georg Ernst Stahl, 
author of that erroneous theory of combustion, according 
to which a burning body gave off a substance called 
/phlogiston.^ One such agent paved the way for the other. 
In 1738 the French Academy of Sciences offered a prize 
question on the nature of heat The winners of the prize 
favored the materialistic theory. At first the only prop- 
erties postulated for this material agent, called heat, were 
that it was highly elastic and that its particles repelled each 
other. By this repulsion the fact that hot bodies give off 
heat could be explained. Later it was assumed that the 
heat particles attracted ordinary matter, and that this heat 
was distributed among bodies in quantities proportional to 
their mutual attractions (or their capacities for heat). By 
the close of the eighteenth century this theory met with 
almost universal acceptance.” Marat, afterward famous as 
a leader in the French Revolution, gave in 1780 an exposi- 
tion of this theory by starting from Newton’s corpuscular 
theory of light. 

Professor Clerk Maxwell, in his 'Theory of Heat/ says: 
“We must therefore admit that at every part of the surface 
of a hot body there is radiation of heat, and therefore a 
state of motion on the superficial parts of the body. Now, 
motion is certainly invisible to us by any direct mode of 
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heat in a body may be measured. It is erident tiud a red- 
hot needle possesses a smaller amount of heat than a stove 
which is only moderately hot. The determination of the 
amount of heat possessed by a body constitutes the science 
of calorimetry. 

The calorie, or heat unit, is defined as the amount of 
heat necessary to raise one cubic centimeter of water 
through one degree Centigrade. 

Joule reasoned that if the heat of friction were merely 
mechanical energy which had been transferred to the 
molecules of a heated body, then the same number of 
calories must always be produced by the expenditure of a 
given amount of mechanical energy. His investigations in 
calorimetry, whereby he determined the mechanical power 
corresponding to a given amount of heat, first proved expe- 
rimentally the identity of various forms of energy. In a 
series of experiments lasting over nearly 30 years, he 
caused mechanical energy to disappear in as many ways as 
possible, and measuring the amount of heat developed, 
found it to be for a given amount of energy in each case 
the same. Thus was established the principle of the 
Mechanical Equivalent of Heat. 

The English physicist found that the equivalent of the 
calorie in work was equal to 426.4 kilogram meters (= 3,081 
ft. lbs.), that is to say, the amount of heat necessary to 
raise I cubic centimeter of water i degree Centigrade 
would, if all converted into work, be sufficient to raise 
3,<^i lbs. through I foot of height, or what is the same 
thing, to raise i pound through 3,081 feet The mechanical 
equivalent of heat is such an important constant in nature 
that several physicists since Joule have thought it desirable 
to redetermine it. One of the most accurate determina- 
tions was made in 1879 by Henry A. Rowland of Balti- 
more. He obtained 427 gram meters as the mechanical 
equivalent of the calorie. 

A third method of measuring the heat of a body is a 
rdative cmc. Specific heat is a term uised im comparing 
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heat necessary to increase equally 
the temperature of equal weights of different substLces! 
for example, glass and water. It has been found that 
inore heat is required to raise the temperature of a pound 
of water, say lo degrees, than to increase to the^same 
Sf weight of almost aqy 

2 sLrlfi Z '^ater is taken as a standaS 

specific heat, and when the heat necessary to raise the 
temperature of glass lo degrees is found to be five times 
as great as that necessary to raise the temperature of an 
equal amount of water lo degrees, the specific heat of glass 
IS detemmed at one-fifth or .2. The value to the physi- 
cist and chemist of determining specific heats of substances 
IS great, for a fixed relation has been found to exist be- 
tween the specific heats of solids and their atomic weights 
i.^or this significant discovery, science is indebted to the 
researches of Berzelius, Regnault, Dulong and Petit 
Matter is vyiously affected by heat. In general, it in- 
creases the volume of a body; but just as magnetism has 
sometimes the contrary effect (as, for instance, its con- 
tractile influence upon nickel), so heat has sometimes the 
effect^^of reducing a body. Water, for example, is denser 

fi! freezing, which is proven by 

the fact that ice floats, having about one-tenth of its voi- 
ume out of water. Were it denser than water, this could 
not be. Again, type metal contains a small proportion of 
antimony, since antimony expands on solidifying, making 
sharp outline indispensable to good type. 
With the exceptions noted, however, the law is general 
that bodies contract with cold, and expand with heat. Rail- 
way rails are always laid with a slight space between them 
to allow for the expansion in the hot days of summer. Iron 
bridges frequently have a roller at one end to provide for 
e difference of length. The steel suspension cables of 
a bridge a mile long will vary in length nearly four feet 
between summer heat and winter cold. If the heat applied 
to a substance is strong and continuous, the result is a 
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diange of state ; solid ice becomes water, water becomes a 
vapor. A great deal of energy is absorbed in this trans- 
formation of state. It takes nearly as much heat to change 
a pound of ice into a pound of ice water as to heat the 
same water to boiling. It takes more than five times as 
much heat to change the water into steam as to raise its 
temperature from freezing to boiling. Conversely a great 
amount of energy is liberated by the condensation of steam 
—a fact well illustrated in the immense power of the steam 
engine; and no small amount of heat is set free when 
water freezes. The country in the neighborhood of large 
lakes is thus appreciably warmed by the congelation of the 
water. For exactly the same reason the farmer often 
places tubs of water in his cellar that the freezing of the 
water may sufficiently warm the air to keep his vegetables 
from freezing. 

More remarkable than the effect of the freezing of water 
upon the surrounding air, is that of evaporation. As the 
freezing of water in winter warms the air, so the evapora- 
tion of water in the open seasons of the year will cool it. 
The amount of evaporated water which can exist in the 
air depends upon the temperature. If the air has absorbed 
all the water vapor which it is capable of holding, it is 
evident that a fall in temperature will succeed in condens- 
ing a part of the suspended water-vapor which then falls 
as rain, or settles as mist. If the air is not completely 
saturated, it is evident that considerable cooling may take 
place before the '‘dew-point” is reached and condensation 
of water begins. In the hot days of the summer months 
the air is capable of taking up and holding in suspension a 
large amount of moisture. On such days the oppressive- 
ness^ of the heat is greatly augmented by the “muggy” 
condition of the atmosphere. The excessive moisture of 
the human body cannot escape into the air, for the latter 
is already surcharged with moisture, or nearly so. The 
grateful effect of a breeze is thus made clear, for the 
excess of moisture which evaporates from the body has no 
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the relative amounts of heat necessary to increase equally 
the temperature of equal weights of different substLces^ 

more heat is required to raise the temperature of a pound 
degrees, than to increase to the^same 

f of almost aqy 

other substance. Therefore, water is taken as a standard 

specific heat, and when the heat necessary to raise the 
temperature of glass lo degrees is found to be five times 
as great as that necessary to raise the temperature of an 
equal amount of water lo degrees, the specific heat of glass 
IS detemmed at one-fifth or .2. The value to the physi- 
cist and chemist of determining specific heats of substances 
s great for a fixed relation has been found to exist be- 
^een the specific heats of solids and their atomic weights, 
x^or this significant discovery, science is indebted to the 
researches of Berzelius, Regnault, Dulong and Petit 
Matter is variously affected by heat. In general, it in- 
the volume of a body ; but just as magnetism has 
sometimes the contrary effect (as, for instance, its con- 
tractile mfluence upon nickel), so heat has sometimes the 
effectof reducing a body. Water, for example, is denser 
at 40 Fahrenheit than at freezing, which is proven by 
the fact that ice floats, having about one-tenth of its vol- 
ume out of water. Were it denser than water, this could 
not be. Again, type metal contains a small proportion of 
antimony, since antimony expands on solidifying, making 
^ °“*hne indispensable to good type. 

With the exceptions noted, however, the law is general 
that bodies contract with cold, and expand with heat Rail- 
way rails are always laid with a slight space between them 
to allow for the expansion in the hot days of summer. Iron 
bridges frequently have a roller at one end to provide for 
of length. The steel suspension cables of 
a bridge a mile long will vary in length nearly four feet 
between summer heat and winter cold. If the heat applied 
to a substance is strong and continuous, the result is a 
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change of state ; solid ice becomes water, water becomes a 
vapor. A great deal of energy is absorbed in this trans- 
formation of state. It takes nearly as much heat to change 
a pound of ice into a pound of ice water as to heat the 
same water to boiling. It takes more than five times as 
much heat to change the water into steam as to raise its 
temperature from freezing to boiling. Conversely a great j 

amount of energy is liberated by the condensation of steam -j 

—-a fact well illustrated in the immense power of the steam 
engine; and no small amount of heat is set free when 
water freezes. The country in the neighborhood of large 
lakes is thus appreciably warmed by the congelation of the 
water. For exactly the same reason the farmer often 
places tubs of water in his cellar that the freezing of the 
water may sufficiently warm the air to keep his vegetables 
from freezing. 

More remarkable than the effect of the freezing of water 
upon the surrounding air, is that of evaporation. As the 
freezing of water in winter warms the air, so the evapora- 
tion of water in the open seasons of the year will cool it. 

The amount of evaporated water which can exist in the 
air depends upon the temperature. If the air has absorbed 
aU the water vapor which it is capable of holding, it is 
evident that a fall in temperature will succeed in condens- 
ing a part of the suspended water-vapor which then falls 
as rain, or settles as mist. If the air is not completely 
saturated, it is evident that considerable cooling may take 
place before the dew-point” is reached and condensation 
of water begins. In the hot days of the summer months 
the air is capable of taking up and holding in suspension a 
large amount of moisture. On such days the oppressive- 
ness of the heat is greatly augmented by the ''muggy'* 
condition of the atmosphere. The excessive moisture of 
the human body cannot escape into the air, for the latter 
Is already surcharged with moisture, or nearly so. The 
grateful effect of a breeze is thus made clear, for the 
excess of moisture which evaporates from the body has no 
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neignts. As water vanishes so strangely into the thin 

vapors of the air, so solid bodies have been (^served bv 
every one to disappear and dissolve in liquTds ^ 

There are probably few persons, if any, who have not 
noticed that sugar dissolves more readily in hot water than 
>n cold, while salt is about equally soluble tn both S 
general, the solutions of solids in Sater or a^ S; s^- 
vent are made easier by the application of heat So also 
with solutions of liquids, for the viscosity of most hquS 

densf “and th^ T °f l^^at, they become^ less 

dense, and therefore mix more readily with the molecules 

of the liquid in which they are dissolved. Solution is such 
familiar, everyday phenomenon that the comolete disan 

oTcr;°‘Srr¥ ^ ^ is ikrffLts; 

01 course. Yet it is truly a wonderful thing that a lumn 
of sugar or a teaspoonful of salt dissolved In a glass of 
water will not raise the level of the water, and so soon as 

pr^se'ir^A? th"^'^! absolutely no visible trace of 

ceU? * temperature is raised more of the 

solid may be made to disappear. Even boiling water how- 
will take up but a limited quantity of a solute and 
readily be „=„ by <iippTn?’i„ a 
1 of the dissolved material or 
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the mixture, causing- it to exhibit the beautiful and fasci- 
nating phenomenon of crystallization. 

A strange contrast to this condition of things is found 
in the fact of the solution of gases in liquids. Here the 
effect of temperature is quite the reverse of what has just 
been observed. The cooler the liquid, the greater the quan- 
tity of gas which may be dissolved in it. The quantity of 
gas which may be dissolved by a single pint of water is 
amazing, in some instances almost incredible. Hydrogen 
chloride, for example, is soluble to the extent of over 300 
pints in a single liter of water; and the same q-aantity of 
water will dissolve without artificial pressure 1,148 pints of 
ammonia gas. 

The effect of heat on a liquid— or indeed on any body— 
being recognised as an increase of its molecular velocities, 
the question arises as to how this increase of velocity is 
transferred from one part of matter to another. The most 
direct way for this to take place is by the transference of 
energy from one molecule to the next. In general this 
is accomplished most readily by the molecules of a solid, 
especially solids of exceptional density such as metals. 
For example, a short copper or iron wire held for a mo- 
ment in a hot flame soon becomes too hot at the other end 
to hold. A silver wire will conduct the heat of the flame 
to the hand even more quickly. A stone feels colder to 
the hand than a piece of wood at exactly the same tem- 
perature, for the obvious reason that the stone, being a 
better conductor, carries off the heat of the body more 
rapidly. The tongue will freeze fast in winter to the 
blade of an ax, a fact well known in cold countries where 
the bit _ of a horse’s bridle cannot be put directly in his 
mouth if it has been out in the frosty air. The same ax 
blade lying in the summer sun will feel hotter than any 
other part of the ax. 

Liquids, however, are poor conductors, as has been 
shown by the lact that burning alcohol on the surface of 
water will register no perceptible heat in an instrument so 
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sensitive as the air thermometer whose bulb is olaced bnf 
half an inch below the surface of the water CaS are 
toSv “Dry air/' writes a physSt of 

Lio^uids vacuum as regards the rays of heat.” 

iquids and gases, however, may carry considenM^- 
leat by the motions of comparatively large masses of 

helTbhV ^ condition. This transference of 

termpri “ ^ movement of masses of a liquid or gas is 
termed convection.” The term thus describes the man 
ner in which temperature is adjusted by winds in the at 
mosphere and currents in bodies of water 

Yet another method of the conveyance of heat is that 
to I" " c„ried-vi. , ‘adit 

carried K, received from an open fire is not 

conduction or convection. Not by convection 
or tne movement of masses of air is all toward the fire’ 

‘ ; not by conduction, for gases have been 

,;k, poor conductors. The only other oos- 

be found in a non-material form of energy. To this form 
of heat transference the term “radiation” has been applied 
Radiatmn thus explains the sensation of heat felt from a 

h ‘o'^ard the fire. The 

“2°^ 5f the heat of the sun is conveyed to the 

radiation readily be seen to be the method of 
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The three forms of heat transference — conduction con- 
vection, radiation— are all to be seen in the consideration 

LssesTrT,r radiator. Convection brings 

^^asses^f hot water or steam from the furnace to the radl 
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radiator. Radiation carries the heat to every part of the 
room to be heated. 

The application of heat to mechanical purposes has been 
astonishingly slow of development. From the time of the 
invention of Heron’s eolipile there elapsed i,ooo years be- 
fore the idea of heat as a source of motive power was 
turned to practical account. Steam fountains were de- 
signed in the seventeenth century, but they were merely 
modifications of the eolipile and applied for ornamental 
purposes only. 

The first successful attempt to combine the principles and 
forms of mechanism then known into an economical and 
convenient machine was made by Thomas Newcomen, a 
blacksmith of Dartmouth, England. Assisted by John Gal- 
ley, Netvcomen constructed an engine — an “atmospheric 
steam engine.” In 1711 such a machine was set up at Wol- 
verhampton for the raising of water. Steam passing from 
the boiler into the cylinder held the piston up against the 
external atmospheric pressure until the passage between 
the cylinder and boiler was closed by a cock. Then the 
steam in the cylinder was condensed by a jet of water. A 
partial vacuum was formed and the air above pressed the 
piston down. This piston was suspended from one end of 
an overhead beam, the other end carrying the pump-rod. 
The fly-wheel was introduced in 1736 by Jonathan Hulls. 

The next great improvements were introduced by James 
Watt in Scotland. Becoming interested in the steam en- 
gine and its history, he began to experiment in a scientific 
manner. He took up the study of chemistry under the 
guidance of Joseph Black, the originator of the doctrine of 
“latent heat.” Observing the great loss of heat in the 
Nf^wcomen engine, due to the cooling of the cylinder by 
the jet of water at every stroke, he began to ponder on 
the possibility of keeping the cylinder “always as hot as 
the steam that entered it” He himself tells how there 
flashed through his mind the happy thought of how this 
could be done. “I had gone to take a walk,” he says, “on a 
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fall in temperature which the steam undergoes in passing 
from the boiler through the cylinder (thus driving the pis- 
tons) to the condenser. It is evident that as this heat is 
made to disappear, work must be produced. The greater the 
fall in temperature, then, the higher the efficiency of tlie 
engine. Unfortunately the steam engine is limited in tMs 


Fig. II — Principle OF the Turbine. 


regard, for the highest temperature that can safely he 
maintained in the boiler is about 200° Centigrade, the 
steam being then under a pressure of 15 atmospheres^ or 
225 pounds upon every square inch of surface. The lowest 
practicable limit of temperature in the condenser is about 
30"^. Hence the loss of heat and the resulting efficiency 
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will be measurea by a fall of 170° (200° —30°). A perfect 
steam engine should render about 36 per cent, of its heat 
energy into work, but owing to friction and other causes 
no steam engine has ever been made which approaches this 
degree of efficiency. 

The gas engine has a considerably larger range of tem- 
perature fall possible in its mechanism. The explosion 
of the gases takes place at a very high temperature. End- 
neers predict that the gas cylinder engine and turbine en- 
gine will^ before long supplant the corresponding types of 
steam-driven machines. 

In conclusion, then, heat must not be considered as a 
weightless fluid, for the interchange of heat and mechani- 
cal energy is not consistent with this belief. Nor is heat 
_ latent any more than the lifting power of a steam crane 
is latent. All the evidence of to-day points to the conclu- 
sion that heat is only one of the many forms of vibration. 

I he effect of heat upon any material body is an in- 
creased rate of vibration of its molecules. The heat that 
reaches the earth from the sun, however, traverses the 
intervening space without heating it, .-s the intense cold 
of the upper regions of the atmosphere clearly indicates. 

It IS therefore a property of the ether that it transmits 
vibrations without being itself affected by them. In mat- 
ter, on the other hand, all parts of a conductor must 
become hot when heat is transferred from one end of it to 
the other. Convection cannot be considered as a form of 
vibration at all, since it does not represent the transmis- 
sion of energy from particle to particle of a mass so much 
as the change of location of a relatively large amount of 
neat. It cannot proceed, however, without the aid of either 
conduction or radiation, inasmuch as the heat given bv 
one mass to another can be received only through the 
medium of matter or ether. As before observed, ether- 
borne heat energy is now regarded as nothing more or less 
than electricity. 


CHAPTER IV 

THE SOURCES OF LIGHT 

Rising from underneath the world, and flooding all 
nature with the growing splendor of its Light, the morn- 
ing sun has ever been to man a symbol of the power of 
goodness. The unparalleled poetic imagination of the 
Greeks clothed this symbolic object with personal attri- 
butes, and formulated the fiery chariot and flying steeds 
of the Sun God Apollo, the Baldur of the Norsemen, the 
Christ of early German legend. A growing Christianity 
synchronized with the effacement of the personal and 
divine attributes of Light The third century in Europe 
saw the development of an established Church — Christian, 
and an established Science— Greek. The Properties *of 
Matter, Light, Sound, Heat, as defined by Aristotle, be- 
came the accepted creed of Europe, 

A science not less dogmatic than theology ruled the 
thoughts of men until near the end of the sixteenth cen- 
tury, until Roger Bacon and Bruno and Galileo, with 
other less illustrious but not less courageous investiga- 
tors, had suffered contempt and persecution, and even 
languished in prison for the splendid heresy of Experi- 
mental Truth. The conception of Force— intangible, ir- 
resistible, indestructible — was long in making its way into 
any system of popular philosophy; the world, ac a cosmos 
of Substance possessed of varying Qualities, was all-suffi- 
cient explanation for medieval thought of the phenomena 
of Sense and the fabrications of Reason. 
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Light, like other things now conceded to be forms of 
■force, was deemed a substance or a quality of substance. 
Generally it was held to be a substance, possessed, like 
other substances, of such qualities as elasticity (reflec- 
don) and solubility (absorption). The law of "the angle 
of incidence and reflection was known to the Egyptians 
and the Greeks; ^ the Assyrians were familiar with the 
-lens ; the Arabs imitated from Greece and developed a 
system of optics involving a knowledge of mirrors, plane 
and spherical, lenses and prisms, the straight-line propa- 
gation of light, shadows and seniishadows, or penumbrse. 

That light travels in straight lines was one of the arti- 
cles of faith of the Platonic school. Not all the Greek 
philosophers, however, maintained this view, and the vari- 
ance of their opinions foreshadowed the uncertainty con- 
cerning light which has characterized all subsequent dis- 
cussion of its exact nature. Aristotle wrote more volumi- 
nously than any of the Greeks upon this question, but his 
conclusions are dubious and obscure. Through his in- 
fluence the Scholastics were led to regard light as some- 
thing immaterial, rather a quality of bodies than a sub- 
stance, and they sought to find in the bodies thernseivesi 
something analogous with the color sensation of the eye. 
Both Euclid and Plato, however, conceived of light as 
a. something projected from the eye upon an illuminated 
body, causing sight as soon as it met another substance^ 
which emanated from the body. Pythagoras and Democ- 
ritus neld that visible bodies projected something into 
the eye whereby they became visible. 

The Greeks knew something of spherical and parabolic 
mirrors. The story is told of Archimedes that when the 
Romans were besieging his native city, Syracuse, he de- 
fended it by the use of mirrors reflecting the stints rays, 
which focused upon the ships of the Romans as they came 
near, setting them on fire. The terrific heat developed 
in a modern solar engine makes this tale not so impos-* 
sible as might at first sight appear, altho it is likely that 
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the men, rather than the ships of the Romans, were the ■ 

sufferers under the fierce reflection from the mirrors of 

the Greeks. 

That the latter had gathered much other evidence with 
regard to the phenomena of light is unquestioned, for r 

in a fragment of a Greek document discovered’ in Egypt I 

mention is made of various familiar optical illusions. 

They had observed, for example, that a ring on the bot- 
tom of an empty vessel, just hidden by the edge, becomes ' 

visible v;hen water is poured into the vessel, and Cleo- 
mides observed that in the same way the sun may be 
visible when it has actually sunk below the horizon. The 
Greeks had noticed, also, that the sun appears larger 
when rising or setting than when high in the heavens; 
they were familiar with the fact that light glances off ! 

from a mirror at the same angle as that at which it I 

strikes. 

x\mong the Romans no investigators of natural phe- 
nomena appeared to add anything of moment to the dis- 
coveries of the Greeks. Lucretius made some interesting 
comments on magnetism ; Seneca observed and taught the 
identity of the colors in the edge of a piece of glass with 
those of the rainbow ; he did not explain why they were 
identical; he remarked that ct globular glass vessel, full 
of water, magnifies objects, from which he was led to 
conclude that there is nothing so deceptive as sight, an 
inference not particularly ingenious nor highly illumi- 
nating as an explanation. 

Abu 'All' al Hasan ibn al Hasan ibn A 1 Haitam rose 
into favor under one of the Caliphs of Egypt as a result 
of a plan (which he never carried out) to regulate the 
flow of the Nile for purposes of irrigation. He made a 
study of plane and spherical mirrors, and understood,.- 
also, the principle of parabolic reflectors, such as are used 
to-day in searchlights or the headlights of locomotives, 
in which all the rays leave the mirror in parallel lines. 

He knew that a ray of light is flashed back from the 
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stn-tp?- ? at which it 

strikes, he knew, also, that a beam of li^ht enSn^ 

erTtcrn course— refracted, to use the mod? 

ern tern. He was aware of the fact of the anunrenf 
largement of the sun’s diameter on approachinJ the Lh' 
.on, and correctly explained it as cSe to fh; ^VS 

S,“ |f~f 

wUch X,"/?;* »’ •” «»<■ “ 

conical mS"" “ or 

Earlier eyen than the mirror appears the record of 

were manufactured at an early dam in GrLrin^Arir 

tophanes comedy of The Clouds is found mention ^f “a 
fine transparent stone with rvhich fires are kindled ’’ and 

mdfalf “*o a "a Stance 

all the writing on a waxen tablet of the times ' 

pom rSoM ™ Eero- 

foaLSrr blindly along the 

«rew.l ’’“"h ™ forbSrraoain rf 

corporal punishment, to teach or write ao-ifnst tht I 

Aristotle. With Petrus Ramus must likewfse be mentimmd 
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times, was a much-mooted question. Previous to the 
time of Ne^vton opinions as to its exact constitution w^ere 
divided; some held it to be a real substance, others, espe- 
cially the followers of Aristotle, considered it a property 
or quality of matter. Early in the seventeenth century 
Descartes formulated a new hypothesis as to the nature 
of light He held that it is neither material nor a prop- 
erty of matter, but a vibration of that something of which 
matter is composed, its ‘'second element.” He assumed 
that the whole universe is filled with minute spheres of 
this elemental substance. Through the constant motion 
of the particles of luminous bodies these little spheres 
are jarred, and since there is no empty space in the uni- 
verse beside them, one sphere immediately touching an- 
other, this jar or disturbance is immediately distributed 
in straight lines. As an explanation of this thesis he com- 
pares the propagation of light with the motion imparted 
to the whole length of a stick when one end of it is 
pushed. A similar disturbance, in his opinion, may be 
caused by the eye, from which he explains how cats and 
other animals whose eyes glitter can see in the dark. 
Against this Cartesian hypothesis it has been urged that 
through these rows of spheres light would be propagated, 
not in straight lines alone, but in every direction, as 
pressure is transmitted in all directions by water. Des- 
cartes, however, had a large following for a time in his 
belief as to the nature of light. 

Later appeared two main theories of light, viz., the 
Corpuscular Theory and the Undulatory Theory. The 
former theory was essentially that of the Greeks, altho 
they adorned it with various fanciful hypotheses. The 
great exponent of this theory in more recent times was 
Sir Isaac Newton, who based his acceptance of it on 
the conviction that the rectilinear propagation of light 
was explainable only on this basis. Sound waves, he ar- 
gued, may be heard around corners; water waves swing 
round a jutting point of land. Since light travels in 
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times, was a much-mooted question. Previous to the 
time of Newton opinions as to its exact constitution were 
divided; some held it to be a real substance, others, espe- 
cially the followers of Aristotle, considered it a property 
or quality of matter. Early in the seventeenth century 
Descartes formulated a new hypothesis as to the nature 
of light. He held that it is neither material nor a prop- 
erty of matter, but a vibration of that something of which 
matter is composed, its “second element.’' He assumed 
that the whole universe is filled with minute spheres of 
this elemental substance. Through the constant motion 
of the particles of luminous bodies these little spheres 
are jarred, and since there is no empty space in the uni- 
verse beside them, one sphere immediately touching an- 
other, this jar or disturbance is immediately distributed 
in straight lines. As an explanation of this thesis he com- 
pares the propagation of light with the motion imparted 
to the whole length of a stick when one end of it is 
pushed. A similar disturbance, in his opinion, may be 
caused by the eye, from which he explains how cats and 
other animals whose eyes glitter can see in the dark. 
Against this Cartesian hypothesis it has been urged that 
through these rows of spheres light would be propagated, 
not in straight lines alone, but in every direction, as 
pressure is transmitted in all directions by water. Des- 
cartes, however, had a large following for a time in his 
belief as to the nature of light. 

Later appeared two main theories of light, viz., the 
Corpuscular Theory and the Undulatory Theory, The 
former theory was essentially that of the Greeks, altho 
they adorned it with various fanciful hypotheses. The 
great exponent of this theory in more recent times was 
Sir Isaac Newton, who based his acceptance of it on 
the conviction that the rectilinear propagation of light 
was explainable only on this basis. Sound waves, he ar- 
gued, may be heard around corners ; water waves swing 
round a jutting point of land. Since light travels in 
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straight lines, the great philosopher concluded 
must be due to the projection from luminous b( 
extremely minute particles or corpuscles at a trer 
speed. 

A contrary view was advocated by Christian E 
about the end of the seventeenth century. This 
Dutch physicist regarded light, like sound, as a f 
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such a mediiim and called it the Luminiferous or Light- 
bearing Ether. The fact that other forms of undulatory 
motion, such as sound waves and water waves, can sweep 
around corners, he did not explain. 

At first sight the corpuscular theory of light would 
seem to be by far the simpler and more obvious explana- 
tion of the two, and for more than a hundred years the 
weight of Newton's authority threw the balance in favor 
of this theory. So many facts opposed to this theory have 
appeared, however, in modern experimentation that the 
corpuscular theory is to-day practically abandoned. Light 
is admittedly a form of vibration. 

Light, it has been said, is a form of vibration, but it is 
evidently not the same vibration as that which takes place 
in the molecules of a heated conductor; nor is it the same 
as the series of condensations and rarefactions of the air 
that is called sound. These latter are vibrations of matter, 
and light is evidently a vibration of a dififerent nature, for 
no amount of light applied to one side of an iron door will 
shine through to the other side. Heat, on the contrary, 
or sound will very quickly be transferred by conduction 
to the farther side of the door. Light as it reaches the 
earth from the sun must be considered as something close- 
ly analogous to radiant heat, if not identical with it. Re- 
cent study of the effects of radiation show that light and 
radiant heat are actually the same. Modern theory re- 
gards light as a form of radiant heat whose wave lengths 
are such that they directly affect the optic nerve. 

The great source of light on the earth — far transcending 
all others — is the sun. It is by no means the only source. 
The moon, tho intermittent in the amount of its light and 
shining in full radiance for only a few nights each month, 
must nevertheless be reckoned as a valuable adjunct illu- 
minant to the sun. The light from stars and planets, too, 
is considerable. Walter Hough, in his ‘Development of 
Illumination,' says: “Under the clear night sky of the 
Arizona deserts the atmosphere seems charged with star 
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mist ; emmences miles away may be outlined, the dial of 

LX X ^ ^ ‘'•ail followed with little dif- 

ficulty. These are the conditions under which night four- 
neys are made to avoid the btirning sun/' The Dianpt 
Ve,„3. 1„ c„..toaa, ,, certain tim.,*ahed. lighVsrtsS. 

for the traveler over open country. 

“There are at times nights of remarkable luminescence 
Clouds become phosphorescent, and often under certain 
states of electric stress, during high winds, glimmer with 
a faint light not amounting to a discharge of the electric 
fluid Frequently successive flashes of ‘heat lightning’ aid 
the traveler in finding his way. It is possible, also,^that 

X/ t of the sun and retain the propertv during 
the night as certain gems are phosphorescent after beinf 
submitted to sunlight. Snow has this property. Gaseous 
emanations of a phosphorescent character Le Lcasionallv 

the'^XLh to produce temporary illumination, and 

Ae phosphorescent light of tropical seas has drawn forth 
many remarks on its beauty.” 

fuS h/hV^Lr? of to-day is done by dif- 

iused I ght. The direct rays of the sun are found in al- 
most all cases, too powerful for purposes of readin<r or 

Irf reflected in a thousand^’dif- 

ferent directions from all surfaces not perfectly black or 
smooth supplies an abundance of light, soft, yet brio-ht 
enougi or use. Since the introduction of artificial illu- 
minants it has ever been the aim of inventors to produce 
a light resembling this diffused daylight. The old soerm 

the 'ijps of Europe which came overLith 

he colonists to America were there superseded by petro- 

^ of ‘he argand chimney glass 

‘ho development of the first really practical ar- 

an“bLrierXr*ii; ^‘^®“.‘o-d^y/his old type of chimney 
and burner may be seen in the ‘student lamp,’ so popular 

o. reading purposes. The invention of the argand lamp. 
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with the brilliantly Itiminous kerosene, soon made nighfc' 
reading a general practice. Everybody could now read — 
even the poor— and everybody did. It is an interesting 
coincidence that is brought out by a recent writer oil 
illumination, Dr, David T. Day, that the progress of the 
countries of the civilized world to-day is in nearly every 
case directly proportional to their consumption of kero- 
sene. 

The arc lamp and incandescent light of Edison marked 
a step forward toward the production of an ideal artificial 
light. But the arc light is not constant, and even when 
surrounded with a large globe not sufficiently diffused for 
reaciing purposes; the incandescent bulb, notwithstanding 
the improved tantalum and osmium filaments gives a glare 
too concentrated for ease in working. The nearest ap- 
proach to diffused da3dight has been made in the Hewitt 
mercury vapor lamp, where a small quantity of mercury 
in a long vacuum tube is first vaporized and then rendered 
luminous under the influence of the electric current. This 
lamp, however, is open to objection on the ground of its 
color. The ideal lamp has yet to appear. 



CHAPTER V 


the speed of light 


Among all the properties of light none is more strikin 
than Its speed. Previous to the seventeenth century thi 
had always^been supposed to be infinite, and the discovery 

wonSrId ."f- P"°P^S;ation of light is one of the most 
wonderful achievements of that wonderful period in the 

physics— the Renaissance. The first attempt 
to measure the speed of light was made by Galileo. He 

to afoX^ d signal with a lamp 

to another and receive back the signal. The exnerimetu- 

XtLTa f X"" wer; cloirto- 

gether and again when they were nearly a mile apart If 

detected, then light would' 
wi h finite velocity. Galileo was not able from his 
ts to settle the question. 

About thirty years later a young Dane. Olaf Romer 
was observing the eclipses of Jupite^s moons. 

It was noticed that the times of revolution of these 
oons in their orbits were not the same at all periods of 
the year, pd were greater than the average when t^ 
apparent size of Jupiter was diminishing. Considering it 

‘ that the actual motiLs 

be affected with any inequality of this sort Romer 

SSeronT" irregularities mu^t be* 

^plamed on the supposition that the velocity of li^ht is 

nite. He said that the discrepancy could be accounted 
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Jupiter to the earth. On November g, 1676, an eclipse 
took place at 5 h. 35 m. 45 s., while by computation it 
should have been at 5 h. 25 m. 45 s. On November 22 he, 
explained his theory to the French Academy more fully, 
and said that it required light 22 minutes to cross the 
earth’s orbit. (The more correct value is now known to 
be 16 minutes and 36 seconds.) Like the news of so many 
other great discoveries, Romer’s announcement fell upon 
deaf ears. It was fifty years before the scientific world 
recognised the truth and the value of his contribution to 
knowledge. 

Romer computed the velocity of light to be 309,000 kilo- 
metep (about 186,000 miles) per second. Subsequent de- 
terminations made by astronomers and physicists have 
corrected this computation but little. The most accurate 
estimates of this figure are those made by Jean Leon Fou- 
cault, inventor of the gyroscope and originator of the 
Foucault pendulum, in France, and Albert R. Michelson, 
of the United States Navy, in America. The speed found 
by Michelson as the result of more than a hundred trials, 
lasting over some two months of daily experimentation, 
averaged 299,740 kilometers, or 186,300 miles per second. 
The speed of light in a vacuum is estimated as but slightly 
greater than in air. 

The velocity of light in water was a pregnant question 
in determining the true nature of light. The discussion of 
this problein belongs to very recent times. It shows what 
remarkable influence the opinions of Isaac Newton exer- 
cized, and illustrates how easy it is even for scientific 
men to “take sides” in a discussion where only truth is 
sought According to the adherents of the Newtonian 
school the speed of light in water— a denser medium than 
air— should be greater than its speed in air, just as the 
speed of sound in iron is greater than in wood. But if 
light be a vibrational phenomenon the speed should be less 
in water than in air. This was the fact which the ex- 
ponents of the undulatory theory— of whom Thomas 
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glowing rocks and naked soil— a light the like of which 
cannot be conceived by aid of any comparison with the 
physical world of to-day. And yet the sun would then 
be distant more than forty millions of miles from the sur- 
face of the earth. How bright must be the illumination 
which the sun casts upon the little planet Mercury, so 
much nearer to him than the Earth, it is utterly impossible 
to imagine. There is no standard of comparison. Yet 
Mercury is distant 37,000,000 miles from the sun. 

The sense of perspective is a universal faculty A ship 
grows continually smaller in approaching the horizon; a 
near-by fly crossing the path of vision looks larger than 
an eagle : a penny held close to the eye will obscure the 
world. Light, as before observed, travels in straight lines 
from every illuminated point. From a lighted candle rays 
of light radiate in every direction straight away from the 
flame. The artist familiarly represents the light of a 
candle by an illuminated circle around it, wiiich raoidly 
shades from white to dark gray or black shadow. This 
iluminated circle represents in reality a hcllcw sphere or 
shell of light, and each radiant vibration con-ing from the 
source of light is spread over the surface of the sphere. 
It is a well-known fact that if the radius of such a sphere 
be made to increase, the area of the sphere will also in- 
crease, but much faster than the radius— in fact, as the 
square of the latter. The surface of a two-inch ball is 
four times as great as that of an inch ball; the surface of 
a three-inch ball is nine times as great as that of an inch 
ball. Similarly the light which from a point withirf 
would reach the surface of a hollow sphere one foot in 
diameter would be spread over nine times the same 
area if the radius of the sphere were three feet. Hence 
each point on the surface of the larger sphere would 
receive only one-ninth as much light. 

The amount or intensity of light, then, varies not ex- 
actly as the inverse of the distance, but inversely as the 
square of the distance from the source of light. In gen- 
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eral, _ as ^ light wave advances its energy is beins- 
uistnbuted over a surface which increases directly as the 
square of the distance the wave has traveled. It must 
be noted, however, that this law of intensity applies only 
to the direct light from a luminous body; for the total 
Illumination on a given surface is usually very much in- 
cr^sed by the light reflected from near-by non-luminous 
bodies. Hence it is that white walls and furnishings add 
amount of light in a room. The law 
of the intensity of Light is evidently analogous to that of 
gravity, where it was seen that a pound weight at the 
surface of the earth (4,000 miles from its center) would 
weigh only lb. at the distance of 4,000 miles from the 
surtace (8,000 miles from its center, or twice as far away 
as at the surface). It is this strangely persistent law of 
inverse squares which, more than any other fact of 
physics, points to the ultimate unification of all Force 
under one head. The law holds true for gravity, electric 
and magnetic attraction and repulsion, light, sound, heat 
and so-called “radiant heat/' together with numerous 
other less fundamental physical relationships. 

An nigenious yet extremely simple instrument for meas- 
uring the amount of light received from a given source 
was invented about the end of the eighteenth century by 
an Amc-rican, Benjamin Thompson, afterward Count 
Kumford. in front of a ground glass screen he fixed an 
opaque rod, placing a bright lamp and a candle at such: 
distances from the rod that the sitodows thrown by each 
light upon the screen appeared equally bright. Measuring 
the distance of each light from the shadows cast, he 
found the larnp to be four times as far away as the candle, 
from which, by the law of inverse squares, he perceived’ 
that the lamp was twice as bright as the candle. 

Some fifty years later another light-measuring instru- 
ment was produced by the famous chemist Robert Wilhelm 
unsen. This admirably simple device consisted of a 
sheet of white paper with a grease spot on it. The ex- 
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periiB^t may easily, be made by any one. If tbe paper is 
equally illuminated from both sides the grease spot wilt 
be hardly visible, but if the light upon one side is made 
ever so little brighter than upon the other, tlie spot will 
at once appear on the darker side brighter ( and on the 
brighter side darker) than the rest of the paper. The 
obvious reason of this is that the matt surface of the white 
paper reflects back more and transmits less of the light 
which falls upon it than does the part covered with a film 
of grease. If now a standard light be placed on one side 



of this paper, any other light whose “candle-poweri* is to be 
determined may be shifted back on the other side until the 
grease spot is no longer visible, when by measuring the 
distances of the tw^o lights from the paper screen the 
relative intensity may easily be determined. 

. Incandescent electric lamps, arc. lights and in , fact all 
.common illuniinaiits are measured in candle power. One 
British standard candle power is the rate at which light is 
emitted by the flame of a sperm candle weighing Vo of a 
pound and burning 120 grains per hour. The amount of 
light from such a source, however, has been shown to 
vary as much as 20 per cent, hence the standard is some- 
what unsatisfactory. Ordinary electric glov/ lamps are 
equivalent to 16 standard candles and are therefore called 



Similar in many ways to the measurement of the light 
ll accurate estimation of solar heat 

ter briefl^T”^ Langley invented the bolome- 

T Jr, an exquisitely delicate thermopile 

^angley s invention was a part of his careful and elaborate 
preparation for that remarkable trip to the (then almost 

form-r"l Whitney, in southern Gali- 

fornja where the summits of the Sierra Nevada risino- 
precipitously in the dry air to a height of nearly’ fifteen 
thousand feet over the Mojave Desert to the eLtward 

influence 

sun ‘'T C ^ «Poa the radiations from the 

sun. I spent nearly a year,” says Langley “before as- 
iSrume?/ mountain in inventing and perfecting the new 

meSrer ’ The nr 7 the ^bolometer,’ or ‘ray- 

. The principle on which it is founded is the 
same as that employed by my late lamented frLnd sSr 

tom 0^1?'^“^"*' temperatures at the’bot- 

^ smaller electric current 

flows through a warm wire than a cold one. 

One great difficulty was to make the conducting wire 
very thin and yet continuous, and for this purpose almost 
endless experiments were made, among other 7 ub=tances 

pTat'efo inXf mean; ” t 

+1, 1^1 transmitted a sea-green light through 

the sohd substance of the metal. This proving unsuSbf 
I learned that iron had been rolled of extraordinary diin 

caTiron mastera ^"ghsh and Ameri- 

thls?n 77 f .t procuring some, I found that fifteen 

^ ^ '*‘7 plates they had rolled, laid one on 

thp one English inch. Out of this 

W “ade. The iron is now replaced 

by platinum, in wires, or rather tapes, from a twc^tSu- 
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sandth to a twenty- thousandth of an inch thick, all but 
invisible, being’ far finer than a human hair. This thread 
acts as tho sensitive, like a nerve laid bare to every indi- 
cation of heat and cold. It is, then, a sort of sentient 
thing; what the eye sees as light it feels as heat, and what 
the eye sees as a narrow band of darkness (the Frauen- 
hofei line) this feels as a narrow belt of cold; so that, 
when moved parallel to itself and the Frauenhofer lines 
down the spectrum, it registers their presence.” 

Langley^s fascinating story of his experimental trip to 
Mount Whitney, told in the records of the Royal Institu- 
tion, is full of tiiriiling imaginative touches. A few lines 
may serve to show something of the immense difficulties 
which he had to overcome in getting his results. He 
writes: We commenced our slow toil northward with a 
thermometer at iio° in the shade, if any shade there be 
in the shadeless desert, which seems to be chiefly inhabited 
by rattlesnakes of an ashen gray color and a peculiarly 
venomous bite. There is no water, save at the rarest in- 
tepals, and the soil at a distance seems as tho strewed 
with sheets of salt, which aids the delusive show of the 
mirage. 

^ “At last, after a seemingly interminable journey, we 
pitched our tents and fell to work (for you remember we 
must have two stations, a low and a high one, to compare 
the results) ; and here we labored three weeks in almost 
intokrable heat, the instruments having to be constantly 
swept clear of the red desert dust which the hot wind 
brought Close by these tents a thermometer covered by a 
single sheet of glass and surrounded by wool rose to 237° 
in the sun, and sometimes in the tent, which was dark- 
ened for the study of separate rays, the heat was abso- 
lutely beyond human endurance. 

“Finally our apparatus was taken apart and packed in 
small pieces on the backs of mules, who were to carry it 
by a ten days' journey through the mountains to the other 
side of the rocky wall, which, tho only ten or twejve miles 
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distant, arose miles above our heads; and, leaving these 
mule-trains to go with the escort by this longer route, I 
started with a guide by a nearer way to those white gleams 
m the upper skies that had daily tantalized us below in the 
desert with suggestions o£ delicious, unattainable cold. 
That desert sun had tanned our faces to a leather-like 
blown, and the change to the cooler air as we ascended 
was at first delightful. But the colder it grew the more 
the sun burnt the skin— quite literally burnt, I may say • so 
that by the end of the third day my face and hands, c4e- 
hardened, as I thought, in the desert, began to look as if 
they had been seared with red-hot irons, here in the cold 
where the thermometer had fallen to freezing at night • and 
^ill, as we ascended, the paradoxical effect increased. 

I he colder it grew about us the hotter the sun blazed 
above. It almost seemed as tho sunbeams up here were 
different things, and contained something which the air 
niters out before they reach us in our customary abodes. 
Radiation here is increased by the absence of water-vapor 
too; and on the whole, this intimate personal experience 
tell m almost too well with our anticipations that the air 
is an even more elaborate trap to catch the sunbeams than 
had been surmised, and that this effect of selective absorp- 
tmn and radiation was intimately connected with that 
change of the primal energies and primal color of the sun 
which we had climbed toward it to study. 

^ We suffered from cold (the ice forming three inches 
deep m the tents at night) and from mountain sick- 
ness but we were too busy to pay much attention to 
bodily comfort and worked with desperate energy to util- 
ize the remaining autumn days, which were all too short 
Here, as below, the sunlight entered a darkened tent and 
was spread into a spectrum, which was explored through- 
out by tlie bolometer, measuring on the same separate rays 
which we had studied below in the desert, all of which 
were ^ffereiit up here, all having grown stronger, but in 
very different proportions/^ 
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The delicately constructed bolometer of Latigley has , \ 

been brought in comparatively recent years' to very high 
perfection so as to record a change of temperature of 
,0000001 of a degree Centigrade. Prof. C. B. Boys in 
1888 constructed a similar instrument capable of indicat- 
ing so minute quantities of radiant heat that in the absence 
of atmospheric absorption the heat radiated from a can- 
dle two miles away would be distinctly registered. A still 
more perfect instrument lately completed in America simi- 
lar to the radiometer of Dr. Crookes reached a marvelous 
degree of sensitiveness to radiant energy. 

Experiments were made on the heat of a candle situated 
2,000 feet from the concave mirror which focused its rays 
upon the instrument. The feeble radiations of the candle 
at this great distance sufficed to turn the indicator through 
nearly a hundred scale divisions, and even the face of an 
observer when placed in the position before occupied by 
the candle produced a deflection of 25 scale divisions. As 
a tenth of a single scale division could readily be observed, 
it will be seen, to speak figuratively, that with this radiom- 
eter one might note the approach of a friend while yet 
some miles distant, merely by the glow^ of his countenance. 
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is that the wave now takes a downward as well as a for- 
ward motion, and this effect becoming more and more pro- 
noimced the lop of the wave curls completely over the 
water below and crashes as a breaker on the shore. 

In light this change of direction also takes place when- 
ever the light wave passes from air to a denser medium, 
such as water. If a ray of light strike the water at an 
angle, the lower part of the wave being arrested at the 
surface of tlie water, the ray bends downward into the 
water. A ‘‘normaF" or perpendicular to the surface of 
the water would therefore form a larger angle with the 
ray in the air than in the water. The ray is said to be 
bent toward the normal in passing from a rare to a 
denser meditini. Imagine the same ray to be shot back 
and it will obviously be bent from the normal as it 
leaves the water. It is evident from the water-wave an- 
alogy that the more the wave is stopped at the surface of 
the new medium the greater will be the bending. 

In a substance like diamond, where the light travels less 
than half as fast as in air, the bending is very great, and 
the colors of which the white light is composed are much 
scattered and broken. Hence appear the magnificent lights 
in the diamond. In crown glass, where the wave travels 
two-thirds as fast as in air, there is less stoppage and con- 
sequently less refraction of the ray. In water, as has been 
remai ked, the speed is three- fourths of the speed in air, 
hence the bending is still less. 

Owing to this bending downward of a ray of light as it 
enters the water, it is evident that an observant trout will 
sight a fisherman some seconds before the latter sees the 
trout, and in the same way the setting sun will be visible 
to a fish in the water as shining apparently some degrees 
above the horizon. The effects of refraction are interest- 
ing, sometimes startling. It has been noted above that a 
ray of light passing from water into air suffers a bending 
away from the normal to the surface. That is, it tends to 
lie down and run along the surface. This tendency is more 
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coiint the light due to reflection — for every visible surface 
reflects; if it did not it would not be visible. The scatter- 
ing of the rays which results from a rough surface is' 
utilized in minimizing the glare from a too brilliant source 
of light, such as the incandescent mantle of the Welsbach 
gaslight or the dazzling core of the electric arc. Ground 
glass globes enclose the lights and diffuse the intense 
brightness by scattering the rays which pass through the 
roughened surface. The great difficulty from an eco- 
nomic standpoint, with this method of softening the radi- 
ated light, is that nearly one-half of the illuminating 
power is wasted in the resistance offered by the semi- 
opaque glass globe. Diffuse reflection takes place at all 
points of the roughened surface. 

The famous Mirror Maze, composed of several mirrors 
at various angles and scores of panes of clear glass, is 
so confusing that even extreme watchfulness will not 
prevent the observer from running into a pane of glass, 
not being able to perceive it. The reflection of any object 
in a plane mirror is a virtual, not a real image. There 
is no actual image where the object appears to be, and 
the virtual image so formed will be exactly as far in 
the rear of the*mirror as the object itself is in front of it 
This would follow inevitably from the well-known Law 
of Reflection, which, so far back as the time of Archime- 
des, was well understood as a fundamental principle of 
all mirrors of ’ every shape and description. 

If two mirrors are placed so as to touch at right an- 
gles, a candle placed in the angle will show three images 
reflected, no matter how the observer stands.. By making 
the angle of the mirrors continually smaller, more and 
more images will be brought into view. When the angle 
of the mirrors is 60 degrees (the angle of an equilateral 
triangle) five images will appear, and seven if the mirrors 
are inclined at an angle of 45 degrees. When the angle 
is made small enough so that the mirrors are almost paral- 
lel, the number of reflections become practically infinite. 
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count tke light due to reflection — for every risible surface 
reflects; if it did not it would not be visible, The scatter- 
ing of felie rays which results from a rough surface is 
utilized 33 minimizing the glare from a too brilliant source 
of light, such as the incandescent mantle oi the Welsbach 
gaslight or the dazzling core of the electric arc. Ground 
glass globes enclose the lights and diffuse the intense 
brightness by scattering the rays which pass through the 
roughened surface. The great difficulty from an eco- 
nomic standpoint, with this method of softening the radi- 
ated liglit, is that nearly one-half of the iliuminating 
power is wasted in the resistance offered by the semi- 
opaque glass globe. Diffuse reflection takes place at all 
points of the roughened surface. 

The famous Mirror Maze, composed of s«everal mirrors 
at various angles and scores of panes of dear glass, is 
so confusing that even extreme watchfulness will not 
prevent the observer from running into a yane of glass, 
not being able to perceive it. The reflection of any object 
in a plane mirror is a virtual, not a real Image. There 
is no actual image where the object appears to be, and 
the virtual image so formed will be exactly as far in 
the rear of the*mirror as the object itself is in front of it 
This would follow inevitably from the well-known Law 
of Reflection, rvhich, so far back as the time of Archime- 
des, w^as well understood as a fundamentnl principle of 
all mirrors of every shape and description. 

If ■ two mirrors are placed so as to touch at right an- 
gles, a candle placed in the angle will show three images 
reflected® no matter how the observer stands. By making' 
the angle of the mirrors continually smaller, more and 
more images will be brought into view. When the angle 
of the mirrors is 6o degrees (the angle of an equilateral 
triangle) five images will appear, and sevea, if the mirrors 
are inclined at an angle of 45 degrees, Vhen the angle 
is made small enough so that the mirrors are almost paral- 
lel, the number of reflections become prac tically infinite. 



PHYSICS 

^■■Jrketl as the ande nf • • , 
oi Vwht sfrik-r- f- 

r 

and the rav n . . I; 

••irt'nrdintr ‘ti'c t-,"'?'' 

A fanM-i.-ll ^-nkt.ng: phe.ion 
mirarc total 

JiniiiA inoi:/’! ■■ s’’-- 
hHri^.n, 

n;a:i„er. ’fhe rav;", 
reach Huan s! 
qiifittly rarer than the 
siirromiilhijj t!i 
Is |.'«,t 

some distant pcin 
fiDt couiitriM 

causes. In tli 
Rectal from 
aimve the bun: 
hire of trees 
to llie reflect 
reflecting tnedit 
roimtling the ob 
As the 

square r<f the di 

witf' the angle 

» ght wi J be greater than that 
the surtace at an angle 
as well as the r-::__.: ' 
regions is far less than th, 
ihe same amount of light 

liVhr^ii"^ measur 

ufflt received upon an object 


• increases. When tu 

S;up IS observed com- 
,o_ ,‘ “aies over the 

' seen in nice 

, -'njp pass upward and 
s warmer and conse- 
'le water immediately 
rarer medium the 
> and projected to 
Pgypt and other 
is due to similar , 


rom the 
r.ttuni or air which 1 

■tir above tl 
t From this 

down by total retlectic 
. to the sandy plains 
a .sininar phenomenon 
is case, however, the in 
.stratum of air tha 
'i'ng sand of the de.sert. 
jiius formed in the skv is i 
tion ot_tree 3 on the shore o 
rm 111 both cases is den 
lect. 

Mount of light varies ■ 

stance from the source so it ■ 

y. -wci, .,vt, iSir’LlL™” 

upon a surface, the amount Jf 
received when they reach 
itnA,,,,#. c t the amount of Ihht 

“f which rcchc, a., X 
Upon the equator. 

■ a larger surface, 
af the amount of 
must always tefce into aq- 


REFLECTION AND REFRACTION 


85 


count the light due to reflection — for every visible surface 
reflects; if it did not it would not be visible. The scatter* 
ing of the rays which results from a rough surface is 
utilized in minimizing the glare from a too brilliant source 
of light, such as the incandescent mantle of the Welsbach 
gaslight or the dazzling core of the electric arc. Ground 
glass globes enclose the lights and diffuse the intense 
brightness by scattering the rays which pass through the 
roughened surface. The great difiiculty from an eco- 
nomic standpoint, with this method of softening the radi- 
ated light, is that nearly one-half of the illuminating 
power is wasted in the resistance offered by the serni-'^ 
opaque glass globe. Diffuse reflection takes place at all 
points of the roughened surface. 

The famous Mirror Maze, composed of several mirrors 
at various angles and scores of panes of clear glass, is 
so confusing that even extreme watchfulness will not 
prevent the observer from running into a pane of glass, 
not being able to perceive it. The reflection of any obj ect 
in a plane mirror is a virtual, not a real image. There 
is no actual image where the object appears to be, and 
the virtual image so formed will be exactly as far in 
the rear of the»mirror as the object itself is in front of it. 
This would follow inevitably from the well-known Law 
of Reflection, which, so far back as the time of Archime- 
des, was well understood as a fundamental principle of 
all mirrors oT every shape and description. 

If two mirrors are placed so as to touch at right an- 
gles, a candle placed in the angle will show three images 
reflected, no matter how the observer stands^ By making 
the angle of the mirrors continually smaller, more and 
more images will be brought into view. When the angle 
of the mirrors is 60 degrees (the angle of an equilateral 
triangle) five images will appear, and seven if the mirrors 
are inclined at an angle of 45 degrees. When the angle 
is made small enough so that the mirrors are almost paral- 
lel, the number of reflections become practically infinite* 
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An interesting: and striking fact with regard to these mul- 
tiple images is that every image so formed, as well as 
the luminous object itself, will lie on the circumference: 
of a circle of which the juncture of the mirrors is the 
exact center. This, again, may readily be shown to be 
an obvious result of the familiar Law of Reflection. 

Sir David Brewster, of the University of Edinboro, 
invented early in the nineteenth century a reflecting in- 
strumetit through which he became better known than 
by any of his more elaborate contributions to science. 
The kaleidoscope, a simple little device to be had to-day 
in almost any toy shop, was constructed by him with three 
plane mirrors. These W'^ere made of equal width and 
length, and fitted into a tube closed at one end by a disk 
or plate of ground glass, behind which irregular bits of 
colored glass or porcelain were allowed to tumble and 
turn in any direction. The latter were held in place by 
another disk of clear glass. When viewed from a small 
aperture in the farther end of the tube these bits of col- 
ored glass showed by their multiple reflections in the three 
mirrors an amazing variety of beautiful symmetrical de- 
signs apparently without number or end. So great at 
one time was the demand for these kaleidoscopes that 
ibwas found impossible to supply it. A more complicated 
series of images of great diversity is made by placing 
six mirrors together so as to form a regular hexagon, 
each angle of which is exactly twice the angle of an 
equilateral triangle, or 120 degrees. This is the form^ 
in which mirrors have been combined to produce the re- 
markable vistas of crystal mazes, of which a noteworthy 
example has recently been constructed in Paris, wherein 
the turn of a lever transports the observer from a forest 
grove to the interior of a Hindu temple or the wonderful 
Arabian palace of Aladdin. 

The image formed by a glass mirror is not reflected' 
by the glass. Back of every such mirror will be found’ 
a thin layer of some metallic substance, which forms a 
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.miicli better reflecting surface than, the glass. A beam of 
light falling on the mirror will be partly reflected from 
the front surface of the glass, but mainly from the metal- 
lic hinder surface. Thus it"' becomes apparent why a. 
mirror, especially a thick one, forms two or more distinct 
images of an object seen at an angle in the glass. A 
consideration of the law of Total Reflection will show 
how many such images may actually be formed, reflected 
back and forth from the two surfaces of the mirror, and 
growing rapidly dimmer, so that usually not more than 
one or two are plainly to be seen. 

A certain astronomical observer, not many years ago, 
betrayed in this connection an unconscious vein of humor. 
By means of the reflections from a plate of clear glass 
he announced the discovery of a large satellite circling 
the planet Venus! On account of these repeated images 
an glass mirrors, they are usually replaced, in physical 
observatories, by metallic reflectors. 

The great law of Reflection, that the Angle of the In- 
cident Ray equals the Angle of the Reflected Ray, was 
found to hold true for all angles and all surfaces. The 
law applies with equal rigor to a plane mirror or to a re- 
flecting surface of any other type, spherical, cylindrical, 
conical, concave or convex. Nearly a thousand years 
ago the famous Image Problem of the Arab A 1 Hazen, to 
which reference has already been made, was formulated, 
calling for a proof of the images formed in plane, spheri- 
cal and conical mirrors. The spreading of the rays of 
light will obviously change the appearance of the image 
formed in any convex reflecting surface, while the oppo- 
site effect will produce an opposite change in the image 
formed in a concave reflector. 

The image formed by looking in the bowl of an ordi- 
nary spoon is seen to be inverted. No matter which way 
the spoon is held, sidewise or upside down, this will al- 
ways be found true — unless the spoon is large and brought , 
very close to the face. Looking' at the back of the spoon. 
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fioweTcr^ tfie image is seen to be erect, no matter bow near 
or bow far away the spoon is held. The reason is easily 
seen. Every ray of light from an object must glance off 
from the polished metallic surface at the same angle as 
that at which it strikes. In a concave surface, such as the 
hollow of a spoon, these rays must evidently meet some- 
where and then cross. Evidently the image formed after 
they cross will be upside down and left side tight. Such 
an image is real, for it is actually formed where it ap- 
pears to be, and in this respect differs from the images 
formed in plane or convex mirrors, wdiicli apparently exist 
where experience proves they cannot exist, viz., behind 
the reflector. If the reflection in a concave surface is 
made by an object held close to the mirror, it will form 
an enlarged erect virtual image; the rap of light do not 
pass through the focus, or crossing point of the mirror, 
hence there is no inversion, and the image, but for the 
enlargement, is exactly like that formed in a plane mirror. 
It appears behind the surface. 

Parabolic mirrors which have come into such genera! 
use for powerful lighting purposes-— as, for example, in 
the headlights of automobiles and locomotives-^ -show but 
a slight modification of the concave spherical mirror. The 
change, tho slight, is important, for all the rays of 
light from the lamp within the reflector now shike the 
side walls at such an angle that they pass out in parallel 
lines; therefore, except for the light lost in absorption, at 
the metallic surface every bit of illumiiiatioti is centered 
in the one direction. The illuminating power of these re- 
flectors, when furnished with a brilliant light, is enor- 
mous. The parabolic mirror is said to have been known 
since the time of Archimedes. 

The convex surface of the back of an ordinary spoon 
forms, as has been said, an erect image, which appears 
reduced and at a distance of several inches behind the 
spoom Withdraw the spoon slowly, and the image con- 
tinues to recede and diminish, until at a certam |x>int the 
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iiimiiiaiioii seems to stop and the image remains constant 
no matter how far away the spoon is moved. Here, as be- 
fore., a converging point of the rays of light will be iound, 
this time behind the mirror; but there will be no crossing., 
for the rays will exactly meet and the image be reduced to 
a point only when the object has been removed to a dis- 
tance theoretically infinite. 

In general, it has been said of all real images that tliey 
are those formed by the reflected rays themselves, whereas 
virtual images are formed by their imaginary prolonga- 
tions. The real image is always inverted and the virtual 
image erect By analogy with the phenomena of images 
in convex and concave mirrors, the process of image 
formation through the ordinary convex lens will readily 
be understood. The process here, as has been shown, 
is one of refraction, not of reflection of light. But the 
bending of the rays to a focus on either side of the lens 
will determine, as before, the form of the image, whether 
erect or inverted. Images formed by refraction through 
a convex lens must in all cases when the object is outside 
tlie focus be real, since the figure is actually formed and 
may be shown on a screen exactly where it appears to be. 

If the object is placed inside the focus of the lens — 
between the focus and the lens itself — an enlarged %drtua! 
image will be seen. This is the case in ordinary reading 
glasses^ the light rays from all extremities of the object 
(letters or what-not) under examination are twice re- 
fracted by the double convex surface of the lens, and 
eye sees these points of the object along the line las*- 
traveled by the light. Hence the object appears 
magnified — -its extremities appearing to be much pi ^ 
apart than in reality they are. The more convex 
the greater is its magnifying power, but the 
the same time, the diff».culty in using it without some 
rectioa of the spherical aberration which increases ^ 
the curvature of the lens. Double convex lenses, 1*-’ 
magnifying glasses, are frequently called simpio 





"4 



tmsmmMSik 


Fig. 14 —Angles of a Lens. 


focus possible, since all rays will be refracted in a direc- 
tion away from the perpendicular through the center of the 
lens. All images through such a lens will therefore be 
virtual images. 

The earliest lenses were made in Europe of rock crystal, 
altho lenses of glass appaer to have been known to the 
Greeks. The lenses of Hans Lippersley, of Middleburg, 
the inventor of the binocular telescope, were made of rock 
crystal. (These small instruments, it is interesting to 
note, sold at that time (1608) for the large sum of 900 
gulden.) Galileo’s lenses, one of them concave the other 
convex, were made of glass. Sparing neither expense nor 
labor, he succeeded in constructing an instrument which 
magnified an object nearly a thousand times and brought 
it more than thirty times nearer. He went to Venice to 


scopes, as distinguished from the powerful compound mi- 
croscope, which by the aid of brilliant illumination pro- 
duces an image many thousand times larger than the 
original. The focus of all convex lenses was seen to be 
the place where rays of light traveling straight to the 
lens are bent together by refraction and meet There 
will evidently be two such foci formed, one on either side 
of every double convex lens. These are the so-called con- 
jugate foci of the lens. In concave lenses there is no real 
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display liis telescope. ‘'Many noblemen and senators,’’ 
says he, “altho of great age, mounted the steps of the high- 
est church towers at Venice to watch the ships, which 
were visible through my glass two hours before they were 
seen entering the harbor.” 

In the early telescopes lenses were made with very great 
focal lengths — the beams converging in some cases at a 
distance of 10, 20, 30, 40 and in one instance of 123 feet 
from the center of the lens. These lenses were mounted 
on high poles, and being unprotected by a tube gave very 
inferior results. The purpose of these great clumsy ob- 
jectives was the avoidance of the color dispersion which is 
always observable at the edges of a simple lens of pro- 
nounced curvature. Since the prism has shown that the 
blue rays of light are bent more than the red, they must 
come to a focus behind a lens a little sooner than the red 
rays. This is the explanation of the fact that so manyj 
common lenses, reading glasses, etc., make it appear that 
the obj ects behind them are surrounded with a colored 
halo. This is more noticeable in lenses of much curvature, 
for the difference in focus between the red rays and the 
blue is then emphasized. 

Leonhard Euler suggested that lenses made out of two 
different materials of different refractive powers would 
probably cure this “chromatic aberration.” He tried to 
produce such a lens, but failed. A London optician, John 
Dolland, taking up Euler’s idea, began a series of tests 
in making lenses which were achromatic — i,e., showing no 
color dispersion. Years of repeated failure in this direc- 
tion were finally crowned with success, and Dolland pro- 
duced a lens made of crown and flint glass which was 
perfectly free from color and entirely accurate. His 
accomplishment created a sensation throughout Europe 
and greatly facilitated from that time the growth of as- 
tronomy, Lenses began to increase in diameter and 
telescopes in size. Herschel, the discoverer of the two 
inmost moons of Saturn, added immense concave mirrors 
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to bis telescopes whereby the light-gathering power o£ the 
instrument was vastly increased. At Parsonstown in Ire- 
land was completed a gigantic reflecting telescope with a 
mirror 6 feet across and a tube 58 feet long and 7 feet 
in diameter, so that a certain ecclesiastic, Dean Peacock, 
once walked through it with iiplifted umbrella. 

The achromatic lenses which made possible these great 
telescopes were likewise instrumental in the development 
of microscopes, to which they were early applied. The 
first microscope was constructed in the beginning of the 
seventeenth century by Zacharias Johannides, a Dutch 
optician. The eyepieces of his microscope were made at 
first concave ; subsequent improvements made both lenses 
convex. 

Spectacles also were manufactured with achromatic 
lenses, greatly increasing their comfort and serviceability. 
The inventor of spectacles must rest his claim to this 
honor upon an inscription dated some three hundred years 
before the invention of achromatic lenses. Upon the 
tomb of Salvino Armato in Florence is carved below the 
bust oi this nobleman the inscription : 

Here lies 

Salvino Armato d'Armati, 
of 

Florence, 

Inventor of Spectacles 
May God pardon his sins 

A.D. 1317. 

In the tall lighthouses that to-day guard the coast of 
every civilized country is found the peculiar echelon or 
annular lens. To avoid the spherical aberration, and the 
loss of light inevitable in refractors of such magnitude as 
those of the lighthouse lights, these lenses are made in 
concentric rings of glass, which focus in one point, the 
outermost ring being some two feet in diameter. The 
light placed in this focus is not too widely distributed, and 
becomes brightly visible over a distance of more than 
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forty miles. Some conception of the power -of these lenses 
may he had from the fact that when inverted and med 
to condense the solar rays, gold, platinum and quartz are 
melted In the intense heat, and less refractory substances, 
as lead, tin and zinc, are almost immediately reduced to a 
vapor, 

Far more perfect than any previously produced were the 
glass lenses made in Munich by Joseph Frauenhofer. The . | 

talented son of a poor glazier, Frauenhofer combined a 
tlioro* practical skill with an unusual degree of theoretic 
insight. “By his invention of new and improved meth- 
ods, machiner}’' and measuring instruments for grinding 
and polishing lenses, by his having the superintendence, 
after i8ii, also of the work in glass melting, enabling him 
to produce flint and crowm glass in larger pieces, free of 
veins, but especially by his discovery of a method of com- 
puting accurately the forms of lenses, he has led practical 
optics into entirely new paths, and has raised the achro- 
matic telescope to a perfection hitherto undreamed of.’^ 

So writes Lommel in his preface to Frauenhofcr's ‘Gesam- 
melte Schriften,' 

Among the many other applications of the lens which 
have made a necessary place in present-day life, the 
camera deserves especial notice. Baptista Porta, a Nea- 
politan physician and contemporary of the great Gilbert, 
invented an instrument now familiar enough to every 
school boy of a practical turn of mind — the camera 
obsciira, A simple box, light proof, and painted' black 
within and without, received through a lens : the image of 
.external objects and reflected it from ■ a sloping white 
paper screen on to a plate of ground glass in the top of the 
box. To imitate in the form of a ixed photograph the 
beautiful colored image thus thrown on the plate subse- 
quent artists and scientists have sought in vain ; the “color 
photography'^ thus far accomplished has been a compli- 
cated and difficult procedure, rewarded by only partial 
success. 
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to bis telescopes whereby the light-gathering power of the 
instrument was vastly increased. At Parsonstown in Ire- 
land was completed a gigantic reflecting telescope with a 
mirror 6 feet across and a tube 58 feet long and 7 feet 
in diameter, so that a certain ecclesiastic, Dean Peacock, 
once walked through it with uplifted umbrella. 

The achromatic lenses which made possible these great 
telescopes were likewise instrumental in the development 
of microscopes, to which they were early applied. The 
first microscope was constructed in the beginning of the 
seventeenth century by Zacharias Johannides, a Dutch 
optician. The eyepieces of his microscope were made at 
first concave ; subsequent improvements made both lenses 
convex. 

Spectacles also were manufactured with achromatic 
lenses, greatly increasing their comfort and serviceability. 
The inventor of spectacles must rest his claim to this 
honor upon an inscription dated some three hundred years 
before, the invention of achromatic lenses. Upon the 
tomb of Salvino Armato in Florence is carved below the 
bust oi this nobleman the inscription : 

Here lies 

Salvino Armato d'Armati, 

, o£ ■ 

Florence, 

Inventor of Spectacles 
May God pardon his sins 

A.D. 1317. 

In the tall lighthouses that to-day guard the coast of 
every civilized country is found the peculiar echelon or 
annular lens. To avoid the spherical aberration, and the 
loss of light inevitable in refractors of such magnitude as 
those o£^ the lighthouse lights, these lenses are made in 
concentric rings of glass, which focus in one point, the 
outermost ring being some two feet in diameter. The 
light placed in this focus is not too widely distributed, and 
becomes brightly visible over a distance of more than 
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forty miles„ Some conception of the power of these lenses 
may be had from the fact that when inverted and iBsed 
to condense the solar rays, gold, platinum and quartz are 
melted in the intense heat, and less refractory substances, , 
as lead, tin and zinc, are almost immediately reduced to a 
vapor. 

Far more perfect than any previously produced were the 
glass lenses made in Munich by Joseph Frauenhofer. ■ The 
talented son of a poor glazier, Frauenhofer combined a 
thoro» practical skill with an unusual degree of theoretic 
insight “By his invention of new and improved meth- 
ods, machinery and measuring instruments for grinding 
and polishing lenses, by his having the superintendence, 
after i8ii, also of the work in glass melting, enabling* him 
to produce dint and crown glass in larger pieces, free of 
veins, but especially by his discovery of a method of com- 
puting accurately the forms of lenses, he has led practical 
optics into entirely new paths, and has raised the achro- 
matic telescope to a perfection hitherto undreamed of.” 
So writes Lommel in his preface to Frauenliofer's 'Gesam- 
melte Schrif ten.' 

Among the many other applications of the lens which 
have made a necessary place in present-day life, the 
camera deserves especial notice. Baptista Porta, a Nea- 
politan physician and contemporary of the great Gilbert, 
invented an instrument now familiar enough to every 
school boy of a practical turn of mind — the camera 
obscura. A simple box, light proof,- and painted^ black 
within and without, received through a lens the image of 
external objects and reflected it from a sloping vvliite 
paper screen on to a plate of ground glass in the top of the 
box. To imitate in the form of a fixed photograph the 
beautiful colored image thus thrown on the plate subse- 
quent artists and scientists have sought in vain ; the “color 
photography” thus far accomplished has been a compli- 
cated and difficult procedure, rewarded by only partial 
success. 
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'The camera obscura may hardly be considered the ante- 
cedent of the photographic camera of to-day, which i*e- 
' .sembies the pin-hole camera, in structure more nearly, 

" Yet .the essential 'principle of the modern camera was. not 
: d,ifferent from that of the camera obscura. With an ad- 
jtistable or focusing lens and the substitution of a sensitive 
.film or plate for the former plate of ground glass, the 
transformation was- accomplished. In modern days many 
people take photograp'hs, and 'there is more or less 
familiaritj with the nature of the chemical changes that 
are worked by the exposure to the light of the silver salts 
upon the ‘^sensitive*’ plate. If exacting Reason, however, 
demand in this connection an explanation of why the 
.change takes place, Tt -must be answered in brief . that , the 
energy of the light ray probably effects a rapid alteration 
of the structure of the atoms of the silver salt employed, 
in much the same way as has been noted before in the dif- 
ferent forms of copper and iron. When the velocity of 
waves of light is remembered, it becomes clear that a Vo 
second exposure means that these atoms have been ham- 
mered thousands of times by light -waves in that brief 
period. 

The art of photography is of very recent development, 
depending of necessity upon a certain advance in the sci- 
ence of chemistry. Pictures on metal were produced in 
1827 by Joseph Nicephore Niepce, whose assistant and 
successor in this work, Daguerre, has given his name to 
the improved metallic photographs which are still called, 
after him, daguerreotypes. These first efforts at a photo- 
graph were clumsy contrivances, requiring from five to 
seven minutes" exposure, during which the photographee 
must sit with iron face and rigid figure, immovable. The 
face of the sitter had also to be dusted with white pow- 
der, and the print, when completed, was faint, and in cer- 
tain lights invisible, on account of the brilliant polish of 
the metallic surface upon which the print was made. 
Tinting the picture was commonly resorted to in the en- 
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cleavor to make the result more life-like. From the slow, 
and troublesome methods of the old daguerreotype to the: 
magnificent black and white instantaneous carbon prints 
of to-day is a long stride. 

It frequently happens in human history that after an 
invention has been made and perfected, the further prog- 
ress of knowledge reveals the fact that the wonderful in- 
vention already existed in Nature in a state of develop-* 
ment far more advanced. The old scoop dredge, tho it 
still has its special use, has been largely replaced by a 
huge iron hand like a man’s hand; the phonograph is a 
clumsy imitation of the auricular nerve and tympanum 
of the human ear ; the eye has been described as a camera ■; 

with a self-adjusting shutter and focusing automatically. 

Without going too minutely into the physical structure of 
the eye, its essential parts may briefly be summed up. 

Covering all the exposed front of the organ is a tough 
elastic membrane (cornea), which lets through the light, 
but protects the delicate mechanism immediately behind. 

This interior part it is which lends character and color 
to the eye, the iris or colored ring appearing of various 
hues — as ranging from a light gray-blue, which is largely 
destitute of the orange-brown coloring pigment, to a brown 
so deep as almost to seem black. “Helmholtz,” writes 
Cajori in his history already referred to, “irreverently 
disclosed the fact that in blue eyes there is no real blue 
coloring matter whatever; the deepest blue is nothing but 
a turbid medium. The optic action is the same as in the 
case of smoke which appears blue on a dark background, 
tho the particles themselves are not blue; or in case of the 
sky, which, according to Newton, Stokes and Rayleigh, 
looks blue through the agency of extremely fine dust sus- 
pended in the air. This dust, when illuminated by sun- 
light, reflects a greater proportion of the shorter waves of 
bluish light and transmits a greater proportion of longer 
waves of reddish light” 

The ‘pupir of the eye is the shutter, which, by the ex- 
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pansion or contraction of the iris, lets in more or less light 
to the sensitive film or *retina’ at the back of' the. organ. 
Close behind , the pnpil and its encircling iris the crystal- 
line lens refracts incident light from obj'CCts near, or re- 
mote, and by the aid of the enveloping ^ciliary^ muscle ■' 
may be so far contracted as to focus the vision with equal; 
readiness upon a tiny shell in the hand or a mass, of rocks 
on a far-distant mountain. Through the glas.sy . liquid 
which fills all the remaining Interior of the eye the light 
is transmitted to the retina, where a chemical change is 
constantly being effected upon the exposed film of this 
optical photographic camera, the optic nerves reporting 
to the brain at every moment the nature of these changes. 

With all its beauty and delicate adjustment, however, 
the linman eye has many imperfections. No voice has 
spoken of the physics of the eye with more authority than 
lias tlie extraordinarily versatile and learned Helmholtz. 
To the eye is indeed a crude instrument. The German 
physicist indicates its defects, with considerable force, ''A . 
refracting surface which is imperfectly elliptical,” ', he 
says, .“an .ill-centered., telescope, , does not give a, single illu- 
minated point as the image of a star, but according,, to the ■ 
surface and arrangement of the refracting, media, elliptic, 
circiiiar, or linear images. Now the images. of, an illumi- 
nated point, as the human eye brings them ' to focus, are 
even more inaccurate: they are irregularly radiated. The 
reason of this lies in the construction of the crystalline 
lens, the fibers of which are arranged around six diverg- ' 
ing axes, so that the rays which we see around stars and 
other distant lights are images of the radiated structure 
of our lens; and the universality of this optical defect is 
proved by any figure with diverging rays, being called 
'star-shaped.' It is from the same cause that the moon, 
while her crescent is still narrow, appears to many per- 
sons double or threefold.” 

*^Now, it is not too much to say,” he remarks again, 
"that if an optician wanted to sell me an instrument which 
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liac! all, these defects, I should think myself quite justilied 
in blaming his carelessness in the strongest terras and 
giving him back his instrument.” 

The mechanical process of the eye has never, until 
comparatively recently, been understood. Helmholtz and 
others, basing their experiments upon the observations of 
Thomas Young, Louis Joseph Sanson and Max Lageii- 
beck, have explained the manner in which the eye focuses 
and the means employed to control the admission of light 
The sense of color, however, is still a matter of contro- 
versy. The most acceptable theory of color sense is that 
promulgated by Young and developed by Helmholtz, 
based on the phenomenon of color blindness to the three 
shades which occupy respectively the ends and the center 
of the prismatic ribbon, viz., red, green and violet. Color 
blindness to red is common and to green not uncommon, 
while the inability to recognise violet is known. Young 
showed that the rotation of colored disks of red, green and 
violet produces the impression of gray. These, therefore, 
may be taken as the three primary colors, by combination 
of which all the intermediate colors may be produced. 



CHAPTER VII 

THE NATURE OF LIGHT 

To THE phenomenon of total reflection was added in the 
very hegiiinjng of the- nineteenth century another bit of 
evidence -which the exponents of the corpuscular theory of 
light found difficult to explain away. This was the phe- 
nornenon of interference. Two plates of glass touching at 
one end and separated at the other by a fine hair will form 
between them a thin wedge of air. If a bright light is held 
near the plates they will be seen crossed with dark and 
bright bands. Thomas Young, a brilliant young English 
physicist, experimenting with these plates and studying the 
dark bands, stated in a famous paper on light that they 
were due to the interference of light waves from the two 
surfaces of the wedge of air included between the plates of 
glass. He showed how the waves of light from these two 
surfaces might be proved to meet at intervals and produce 
the appearance of darkness, just as two sound waves may 
be^ combined to produce silence. 

Ibis remarkable paper, by far the most valuable con- 
tribution to the study of optics since the time of Newton 
attracted no favorable attention and was received with 
open scorn and contempt by the editor of the Edinboro 
Review. The*young scientist is represented by this illus- 
nous orpn as deficient in ‘‘the powers of solid thinking'" 
and his theories dismissed as “feeble lucubrations without 
any traces of learning, acuteness or ingenuity." John 
1 yndall, that great and fascinating Irish scientist, writes 
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■of Young: *^For twenty years this man of genius was 
quenched— hidden from the appreciative genius of his 
countrymen— deemed, in fact, a dreamer, through the 
vigorous sarcasm of a writer who had then possession of 
the public ear. To the celebrated Frenchmen, Fresnel and ;r;| 

Arago, he was first indebted for the restitution of his 
rights.’^’ The soundness of Young’s reasoning has been 
abundantly attested to by the verdict of later investigators, 
and the known fact of the ‘‘interference” of light is to- 
day held to be one of the compelling arguments in favor 
of light as a form of vibration. 

Difficult of explanation as the fact of interference proved 
from a corpuscular basis, still more did prismatic disper- 
sion prove itself an occasion of falling. Every one is 
familiar with the beautiful color effects obtainable with 
the aid of a triangular prism of glass, and has noted how 
a beam of “white” light may be spread out into a band 
of colors as the ray is bent through the prism. In this 
spreading out it is evident that some of the rays are bent 
more than others. Unless the corpuscles of light were 
infinite in variety, this would be simply inexplicable as a 
corpuscular phenomenon. The prism as an instrument of 
optical study found its first great master in Isaac Newton, 

The observation of its effects had been noted by the Roman 
philosopher Seneca, and in the period of the Renaissance 
the breaking up of white light into colors was discussed 
by Grimaldi, Descartes, Hooke and others. But it re- 
quired the supreme genius of Newton to make clear the 
true idea of the dispersion of light With rough appli- 
ances fashioned by his own hands he conducted his ex- 
periments. In his treatise on “Opticks’ he quaintly re- 
marks, “I procured me a triangular glass prisme, to try 
therewith the celebrated phenomena of colors. And in 
order thereto having darkened my chamber, and made a 
small hole in my window-shuts to let in a convenient quan- 
tity of the sun’s light, I placed my prisme at his entrance, 
that it might be thereby refracted to the opposite wall.” 
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He g-oes on to say how surprised he was to find that 
the ray of light, after passing through the prism instead 
of being thrown upon the wall in the form of a round iot 
was spread out into a beautiful colored ribbon, or spec- 
tnim, red at one end, yellow in the middle, and bluish 
,, green at, the other end.' '‘Comparing the len'otli of tlik 
h aT ^"^adth,” he continued “I Lid 

mii that irexSd disproportion so extrara- 

.,ani that it excited me to a more than ordinary curiositv 

ot^examimng from whence it might proceed. ^ 

_i hen I began to suspect, whether the ravs after their 

mri of ’tw’”" u “Ore or less curvity tend to divers 
part, of the wall. And it increased my susoicicn T 

remembered that I had often seen a temiS bVl trT t 

ss.!:" f ‘ »”« >.■» F»,t 

1 4 ^ Progressive motion beinc/ coinmimi' 

Zrl ■ and beat the contieuous 

e vio.,.iiJy than on the other, and there excite^- r>li, t 
ancy and reaction of the air proportionably i^reate" aS 

mmmi¥Mss 

aiiitfip if T 1 ' ^ ■’ c.a.nie to ex~ 

k 1 I , ; % ■ , observe no such cm-vhv in t'.-v A-. i 

that the 'difference bZ vt t^"^"’‘^ Purpose) I observed, 
the diameter of the hole t}iro-rT^'”u^'! and 

transmitted, wa nronorHnn.m ‘=S-I.t was 

pr^oportionable to tbdr distance 
J he giaciual removal of these"' QncntV' " 
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small hole, made in, it for the purpose, and fall on the other 
board, whicli I placed at about twelve feet distance, hav- 
ing first made a small hole in it also, for some of that in- 
cident light to pass through. Then, I placed another prism 
behind the second board.” On turning the first prism 
about its axis, the image which fell on the second board 
was made to move up and down upon that board, so that 
all its parts could successively pass through the hole in 
that board, and fall upon the prism behind it The places 
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Fig. 15 — Experiment Showing Refraction and Division of 
Light Rays, Until Green Ray Will Not Subdivide Further. 


where the light fell against the wall were noted. It was 
seen that the blue light, which was most refracted in the 
first prism, was also most refracted in the second prism, 
the red being least refracted in both prisms'. *‘And so the 
true cause of the length of that image was detected to be 
no other than that light is not similar or liomogeneal, but 
consists of difform rays, some of which are more refran- 
gible than others.” 

No more complete or illuminating explanation of the 
nature of light through the agency of the prism has ever 
been given than this. Newton showed here the real reason 
of the dispersion, adducing the analogy of the rainbow^ 
altho he clung through it all to the corpuscular theory,, 
postulating the existence not only of the flying particles 
constituting light, but also of an ether — all the mechanism, 
in fact, needed for the wave theory, and more. 
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It was not until the beginning of the present century 
that this experiment of Newton’s (repeated as it had been 
in the meantime by many philosophers) was found by Dr. 
Wollaston to possess certain peculiarities which defied all 
explanation. He found that, by substituting a slit in the 
shutter of the darkened room for the round hole which 
Aewton had used, the spectrum was intersected by certain 
dark lines. This announcement, altho at the time it did 
not excite much attention, led to further experiments hr 
dilterent investigators, who, however, vainly endeavored 
to solve the meaning of these bands of darkness. It was 
observed by the great Munich optician that they never 
varied, out always occupied a certain fixed position in the 
spectrum; moreover, he succeeded in mapping them to the 
number of nearly six hundred, for which reason they have 
been identified with his name, as “Frauenhofer’s linL ” 

itf fn 11 discovered in the spectrum of a lamp the double 
line in the orange, now known as the sodium, line. He was 
endeavoring at the time to determine how the refraction 
fcough glass would take place for different colored lights 

Int - chance inct 

dent of his experiments. In oil and tallow li^ht and in 

doMhl” r ®aw this same bright, sharply defined 

very LefuV’^T-^ place and consequently 

fhrnuo-h ’ the spectrum of sunlight cast 

aJm^s? rif ^ telescope upon a prism, he remarked “an 

which, however, were darker than the other parts of the 
plectrum, some appearing to be almost perfectly black.” 
scone Starlight with his primitive spectro- 

world IbTrhlr-®’ s^ntific 

light itself theories concerning the nature of 

Dalton fnd%r ”^7 ^"tiounced atomic theory of 
sS fan i 7 combination and compo- 

on. failed to see the meaning and significance of this 
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discovery of Frauenhofer. The great astronomer J. F, W* 
Herschel/the electrician Wheatstone, William Henry Fox 
Talbot, Sir David Brewster and others remarked on 
varioiis similar phenomena in spectra! experimentation, 
hut none succeeded in finding the clue to the mystery. 
Many famous men between 1850 and i860 turned their 
attention to this riddle. 

Herscliel pointed out that metals, when rendered incan- 
descent under the flame of the blowpipe, exhibited vari- 
ous tints. He further suggested that as the color thus 
shown was distinctive for each metal, it might be possible 
by these means to work out a new system of analysis. 

Bunsen and Kirchhoff in i860 discovered that each 
metal v/hen in an incandescent state exhibited through the 
prism certain distinctive brilliant lines. They also found 
that these brilliant lines were identical in position with 
many of FrauenhofeFs dark lines; or to put it more clear- 
ly, each bright line given by a burning metal found its 
exact counterpart in a dark line on the solar spectrum. It 
thus became evident that there was some subtle connection 
between these brilliant lines and the dark bands which had 
puzzled observers for so many years. Having this clue, 
experiments were pushed on with renewed vigor, until, by 
happy chance, the vapors of the burning metals were ex • 
amined through the agency of the electric ligh^ That is 
to say, the light from the electric lamp was permitted to 
shine through the vapor of the burning metal under exam- 
ination, forming, so to speak, a background for the ex- 
pected lines. It was now seen that what before were bright 
bands on a dark ground were now dark bands on a bright 
ground This discovery of the reversal of the lines 
peculiar to a burning metal, when such metal vms exam- 
ined in the form of vapor, led to the enunciation of the 
great principle that ‘Vapors of metals at a lower tempera- 
ture absorb exactly those rays which they emit at a 
higher.'^ 

To make this important fact more clear, suppose that 
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upon the red-hot cinders in an ordinary fire-grate is 
thrown a handful of saltpeter, also called nitrate of potash 
or more commonly niter. On looking through the spec- 
troscope at the dazzling molten _ mass thus produced 
(instead of the colored ribbons which the §^7^^ 

all is black, with the exception of a 
line at the one end of the spectrum and an equally brilliant 
red line at the other end. This is the spectrum peculiar to 
potassium; so that, if not previously aware of the preysnce 
of that metal, and if requested to name the source of the 
flame produced, the spectroscope would have enabled suc.i 
answer without difficulty. Now suppose this burning 
saltpeter to be again examined under altered conditions. 
Place the red-hot cinders in a shovel and remove them o 
the open air, throwing upon them a fresh supply of the 
niter. If the vapor now be examined while the stiniignt 
forms a background to it, it will be seen that the two 
bright colored lines have given place to dark ones. I ms 
experiment will prove the truth of Kirchhoff’s law so far 
as potassium is concerned, for the molten niass iirst gave 
the bright lines, and afterward by examining the cooler 
vapor it was evident that they were transformed to bands 
of darkness; in other words they were absorbed. ^ 

The simple glass prism as used by Newton, altno it is 
the parent of the modern spectroscope, bears very little 
resemblance to its gifted successor. The complicated and 
costly instrument now used consists of a train of several 
through which the ray of light under examination 
be passed by reflection more than once. By these 
means greater dispersion is gained; that is to say, the re- 
sulting spectrum is longer, and consequently far easier oi 

examination. ' . . , 

Since the middle of the nineteenth century the analytical 
of this wonderful instrument has looked into the ma- 
terial universe and aided the chemist to the discovery of 
elements previously unsuspected and unknown. It has 
of sun and stars, by the correspon* ; 
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Spectra: A., electric spark, negative pole; B., Potassium chloride, 
vaporized; C., rluminiim; D., chloride of gold, vaporized ; E., Strontium 

chloride, vaporized ; F., phosphoretted hydrogen. 
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deuce of . their spectra with those of terrestrial matter, to 
be in general identical with that of the earth. Nor are 
its ser¥ices to be measured merely in qualitative units, for^ 
in examining incandescent bodies, by a careful study of 
the absorption lines a very exact estimate of the ‘quantity'" 
present can be arrived at This method oi analysis is sO' 
delicate that in experiments carried, on at the, mint a differ- 
ence of one ten-thousandth part in an alloy has been 
recognised. Neither must it be supposed . , that the services 
of the spectroscope are confined to metals, for nearly all 
colored matter can also be subjected to its scrutiny. Evui 
the most minute substances, when examined by the micro- 
scope in conjunction with the prism, show a particular 
spectrum by which they can always be identified. 

While the spectroscope succeeded in proving that a cer- 
tain yellow flame was the /flame of ...sodium „and a certain 
reddish flame was that of calcium, it did not show why 
the flame of one kind of substance should be brighter than 
another. The . flame , .ol burning -wood, for instance, is less 
bright, generally speaking, than that of a burning kero- 
sene lamp; the flame of phosphorus burning in oxygen is 
dazzling in its brilliancy ; a ribbon of the metal magnesium 
(commonly used as a powder in flashlight photographs) 
burns in ordinary air with an intensely brilliant white 
light. The brightness of these flames cannot be due 
wholly to temperature, as has often been maintained, for 
there may be a solid such as iron or carbon burning in 
oxygen at a high temperature, with brilliant incandes- 
cence, or glowing, but without flame, while on the other 
hand the lambent flame of boric methide or of camphor 
shows that flame may exist without a high temperature. 

A piece of burning camphor, in fact, may easily be held in 
the unprotected palm by changing it from hand to hand — 
a trick sometimes resorted to by stage jugglers. Again, 
the ordinary Bunsen burner found in every chemical labo- 
ratory will produce, by adjusting the air supply, either a 
yellow, luminous flame of relatively low temperature, or a 

I 

I 

I 


Wis 





m6 ' PHYSICS 

much hotter, non-Iuminous flame, whereas the temperature 
in the exceedingly brilliant electric arc is extreme, reach- 
ing in the electric furnace as high as 3,000 degrees Cen- 
tigrade. 

The real nature of flame was long a matter of conjec- 
ture. The ‘^phlogiston"' (fire-substance) of the eight- 
eenth century, in fulfilment of the hope expressed by that 
erratic genius, Count Rumford, is to-day interred, it is 
true, in the same tomb with “caloric" (heat-substance). 
But the death of phlogiston did not bring with it the ex- 
planation of the luminosity of flame. Sir Humphrey 
Davy — inventor of the Davy Safety Lamp — regarded the 
luminosity as due to the incandescence of solid particles 
suspended in the flame, and this theoryf until about the 
middle of the nineteenth century, went unchallenged! The 
presence of solid particles, either in the flame itself or in 
immediate contact with the burning gas, was held to be es- 
sential. 

There is no doubt that the introduction of solid particles 
in a fine state of division into a flame of feeble luminosity 
will usually impart to it a considerable degree of bril- 
liancy by the incandescence of the solid particles, or per- 
haps in some cases by reflection of the light from their 
many surfaces, and it is usual to refer to the black deposit 
which is formed upon a glass rod or similar body, when 
held in the flame of a candle or gas, as a proof that such 
flames contain solid particles. 

Nevertheless luminous effects have been produced where 
the solid particle hypothesis could not account for them, 
such, for example, as the- luminosity of the flame of hy- 
drogen burning in oxygen under pressure; moreover, in 
many of the brightest flames the temperature is such that 
fuliginous matter could not exist in them. In many cases 
it seemed, therefore, to be a more satisfactory explanation, 
that the luminosity of flames depends on the existence 
of a comparatively high temperature and on the presence 
of gases or vapors of considerable density. 
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The effect of high temperature is seen in the greater 
brightness of the flames of sulphur, phosphorus, and, in- 
deed, all substances when burnt in pure oxygen, as com- 
pared with the result of their combustion in air. Direct 
evidence of the effect of high temperature is also afforded 
by the combustion of phosphorus in chlorine, for w’hile 
at ordinary temperatures only a feeble light is produced 
by this combustion, strongly heated phosphorus vapor 
burns in hot chlorine with a dazzling white light. 

A comparison of the relative densities of gases and 
vapors shows that the brightest flames in general are those 
which contain the densest vapors. 

Hydrogen burning in chlorine produces a vapor more 
than twice as heavy as that resulting from its combustion 
in oxygen, and the light produced in the former case is 
stronger than in the latter. Carbon and sulphur burning 
in oxygen produce vapors of still greater density, and 
their combustion gives a still brighter light. Phosphorus, 
also, which has a very dense vapor, and yields, in burn- 
ing, a product of great vapor density, burns in oxygen 
with a brilliancy almost blinding. 

The luminosity of a flame is increased by compressing 
around it the surrounding gaseous atmosphere, and it is 
diminished by rarefying it Thus, mixtures of hydrogen 
and carbonic oxide wdth oxygen emit but little light when 
they are burnt or exploded in free air, but exhibit intense 
luminosity when exploded in closed vessels so as to pre- 
vent expansion of the gases at the moment of combustion. 

The density, then, of the gases formed in combustion, 
and the temperature at which combustion takes place, 
were thus held by some physicists, notably E. Frankland, 
to be the sole determining factors in the brilliancy of a 
flame. As for the particles of solid matter, it is known 
that while in some instances they may increase the lu- 
minosity, in other cases they produce the opposite effect, 
rendering the flame less bright. All these known facts 
were thought during the latter half of the nineteenth cen- 
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tury completely to have disposed of the solid par- 
ticle idea in the brightness of flames. As a matter of fact, 
it is evident that the ‘‘dense vapor'' theory advocated by 
E. Frankland and others, while it adds much interesting 
information to what already is known of the nature of 
flame, does not in the least disprove the fact that a flame 
is bright when it contains particles of solid glowing car- 
bon, and it is not luminous when it does not. 

Such brilliant and thorough investigators as Heumann, 
Burch, SmithcIIs, Techia, and especially Vivian B. Lewes, 
established the fact toward the end of the century that in 
the burning of ordinary illuminating gas that remarkable 
illuminant acetylene is first formed and subsequently de- 
composed, Lewes' careful experimentation showed that 
in the dark part of the flame there occurs a transforma- 
tion of gases, and that at the point where luminosity just 
begins seventy to eighty per cent, of the compounds 
formed is acetylene, and this in a gas flame in which less 
than one per cent, of acetylene is originally present Im- 
mediately above this point the increasing heat of the 
flame breaks up the acetylene gas into its two constituents, 
carbon and hydrogen. The hydrogen burns in contact 
with the oxygen of the air. The carbon is heated to in- 
candesce by the combined influence of the burning hydro- 
gen and the so-called latent heat" of the chemical separa- 
tion — hence the flame. 

The real nature of flame is even to-day very commonly 
misapprehended. A popular idea exists that wood burns. 
Wood, strict^ speaking, does not any more burn in air 
than it floats in water. The flames seen burning at the 
surface of a wood fire are due to the combustion of vola- 
tilized solid material, and their luminosity is generally 
conceded to-day to be due, as above shown, to the presence 
of finely divided particles of glowing carbon. Dr. Percy 
has accurately defined flame thus: “Ordinary flame is gas 
or vapor of which the surface, in contact with atmospheric 
air, IS burning with the emission of light." This defini- 



THE NATURE OF LIGHT 



tion leaves little to be desired, for it very properly directs 
attention to the gas or vapor necessary to a flame, as well 
as to the fact that the flame Itself is hollow. 

Dr. Robert Montgomery Bird has summed up the es- 
sential teachings of modern study of flame briefly as fol- 
’lows: 

When the hydrocarbon gas leaves the jet at which it is 
burned those portions which come in contact with the 
air are consumed and form a wall of flame, which sur- 
rounds the issuing gases. The unburnt gas in its pas- 
sage through the lower heated area undergoes a number 
of chemical changes, brought about by the heat radiated 
from the flame walls ; the principal change being the con- 
version of hydrocarbons into acetylene, hydrogen and 
methane. The temperature of the flame rapidly increases 
with the distance from the jet, and reaches a point at 
which it is high enough to decompose acetylene into car- 
bon and hydrogen with a rapidity almost that of an ex- 
plosion. The latent heat so suddenly set free is localized 
by the proximity of carbon particles, vrhich by absorbing 
it become incandescent and emit the larger part of the 
light given out by the flame; altho the heat of combustion 
causes them to glow somewhat until they come into con- 
tact with oxygen and are consumed. This external heat- 
ing gives rise to little of the light. 

There have been opponents to this theory of tlie cause 
of luminosity — as there are, fortunately, of all theories — 
but the evidence is so strong and covers so many points^ 
and so many investigators have confirmed one part, or an- 
other of the work, that it has been generally accepted as 
a true statement of the facts with which it deals. 

Visible light, as Frauenhofer long since pointed out, 
reaches the eye in vibrations numbering from 4,000 to 
7,000 billion per second. No other vibrations are useful 
to us for seeing purposes, for no others have any effect 
upon the retina of the eye. The analysis of the apparently 
white light of the sun and the combining of the spectral 
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colors so formed to reproduce white light dates back to the 
time of Newton. Frauenhofer, however, devised a mea»s 
of studying the solar spectrum without a prism. On plates 
of glass he ruled very fine parallel lines very close together, 
making the first grating. The beautiful iridescence of such 
substances as mother of pearl has been shown by the sim- 
ple microscope to be due to a multitude of fine lines in the 
surface, the refracting edges of which disperse the pris- 
matic colors like any true prism. Such a surface was the 
grating of Frauenhofer, and the great advantage of this 
instrument over the prism lay in the fact that \he lower 
part of the spectrum where the red rays occur was very 
much spread out, whereas the simple prism dispersed the 
red end of the spectrum so little that examination of its 
characteristics was rendered difficult. Frauenhofer also 
experimented successfully with gratings made of very fine 
wire, .04 to ,6 mm. (.002 to .03 inch) in thickness. 

By the aid of similar gratings, John William Draper, of 
New York, not only confirmed the measurements of the 
light waves which Frauenhofer had made, but determined 
the temperature (525" C) at which all solid and liquid 
substances become incandescent and glow with a red heat. 
He proved also that below this red heat invisible rays are 
emitted whose vibration lengths may be measured. Lewis 
Morris Rutherford, whose magnificent work in radio- 
activity has rendered him justly famous, produced other 
and better gratings made of thin sheets of metal, and 
Henry A. Rowland, of Johns Hopkins University, within 
very recent years ruled gratings so fine that they con- 
tained more than 100,000 lines to the inch—from fifty to 
a hundred in the width of a fine human hair — gratings 
which have never been surpassed. With the aid of these 
wonderfully fine gratings Rowland has prepared large 
photographic maps of the solar spectrum and prepared a 
system of standard wave lengths now universally adopted. 
The wave length of every line in the solar spectrum has 
been measured through this means, and there are few of 
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the common terrestrial eiements which have not now been |, 

identified in the atmosphere of the sun. 

The discovery of the invisible rays below the red of the 
solar spectrum dates back to Sir William Herschel, who 
ill 1800 determined their existence by means of a ther- 
mometer. He noticed that the thermometer rose regularly 
when it was moved from the violet toward the red end of 
the spectrum, and it occurred to him to try the region be- 
yond the extremes of the visible colors. To his delight he 
found a regular series of radiations below the red. ‘Tt is 
sometimes of great use in natural philosophy/' the great 
astronomer observed, '‘to doubt of things that are com- 
monly taken for granted, especially as the means of resolv- 
ing any doubt, when once it is entertained, are often 
within our reach." 

“This discovery,” says Thomas Young in his 'Lectures' 
of 1807, “must be allowed to be one of the greatest that 
has been made since the days of Newton.” Yet the ma- 
jority of physicists failed for more than half a century to 
see the importance of this discovery of Herschel. It was 
only a few years after the discovery by Herschel of in- 
fra-red radiation from the sun that Johann Wilhelm Ritter 
and Wollaston proved the existence of dark chemical rays 
In the ultra-violet region of the spectrum. Macedonio 
Melloni, the inventor with Leopoldi Nobili of the thermo- 
pile, was the first to arrive at a thoro realization of the 
identity of radiant heat and light. “Light,” said he, “is 
merely a series of calorific indications sensible to the or- 
gans of sight, or vice versa, the radiations of obscure 
heat are veritable invisible radiations of light.” He argued 
that where there is light of any sort there must be some 
heat, and moonlight ought to show some heat effects. He 
experimented, at first unsuccessfully, in this direction, but 
finally with a lens more than three feet in diameter suc- 
ceeded in getting feeble indications of heat from the rays 
of the moon. The thermopile which he used was a simple 
instrument based on the well-known principle that a cold 
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wife is, in general,.a better conductor of electricity tfian a' 
warm wire. Hence any simple galvanometer or other cur- 
rent-measuring apparatus showed by a deflection of the 
needle when any part of the electric conductor was heated. 

The measurements of radiant heat made by Mellon! in 
solids and liquids w'ere paralleled by the investigations of 
Tyndall upon the diathermancy of gases. Tyndall pos- 
sessed extraordinary powers of popularizing difficult scien- 
tific subjects. His first great lecture, delivered in 1853 in 
England, took his audience by storm. He came to Amer- 
ica and delivered in 1872 and 1873 several lectures on 
light which were enthusiastically received. His famous 
^‘Belfast Address’’ brought upon the brilliant Irishman the 
charge of “infidelity,” for he was as independent in thought 
as outspoken in expression and held ever to the principle 
that Truth has nothing to fear from its enemies. 

Tyndall pointed out (as had Melloni before him) an 
error of wide prevalence concerning the influence of color 
and absorption. Benjamin Franklin records of himself 
that having placed patches of different-colored cloth of 
the same weight upon snow and allowed the sun to shine 
upon them, he found that they absorbed the solar rays to 
different degrees and sank to different depths in the snow. 
He concluded from this experiment that dark colors were 
the best absorbers and light colors the worst. For the 
visible rays of the sun this conclusion is in general true, 
but the solar rays consists of radiations running far out- 
side the visible spectrum, about seven times the length of 
the solar spectrum having been detected in the infra-red 
radiations, and perhaps twice as much as is visible in the 
invisible ultra-violet 

The visible spectrum of “white” light has been shown 
by recent measurements to be only about one-tenth of the 
.actual measurable solar spectrum. In the invisible region 
ot the spectrum effects are often observed wdiich are the 
j^act opposite of those seen in the prismatic spectrum, 
lyndall proved this in a clever manner. He coated the 
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bulb of a delicate mercury thermometer with the white 
powder aliim and the bulb of a second thermometer with 
powdered iodine. Exposing both bulbs at the same dis- 
tance to the radiations from an ordinary gas jet, he found ‘ 

the ^Imn-coated thermometer rose nearly twice as high i 

as the other; alum was a better absorb than iodine. 

''The radiation,” he remarked, "from the clothes which 1 

cover the human body is not at all, to the extent sometimes ' I 

supposed, dependent on their color. The color of animals' v| 

fur is equally incompetent to influence radiation.” ^ 

Some of the first results of the invention of Langley's 1 

bolometer were to show that the maximum heat of the 
solar spectrum is in the orange, not in the infra-red, as 
Herschel had supposed. It proved, moreover, that the 
white light from the sun is not the sum total of the solar 
radiations — that the sun s true color is blue and only the 
orange veil of the terrestrial atmosphere works through its 
selective absorption on sunlight, letting through the red 
rays and absorbing the blue, to produce the effect of white. 

Strictly speaking, we should say with Professor Langley 
that the atmosphere absorbs all the colors, but selectively 
taking out more orange than red, more green than orange, 
more blue than green. "As there are really an infinite 
number of shades of color in the spectrum,” says Langley, 

", . . it is merely for brevity that we now unite the 
more refrangible colors under the general word 'blue,' 
and the others under the corresponding terms 'orange' or 
'red.'”. 

Newton showed that white light is compounded of blue, 
red, and other colors ; by turning a colored wheel rapidly 
all blend into a grayish white. Arrange them so that 
there is too much blue, arid the cotribined result is a veiy 
bluish white, that of the original sun ray. Alter the pro- 
portion of colors so as to virtually take out the excess of 
blue, and the result is colorless or white light. White, 
then, is not necessarily made by combining the “seven col- 
ors,” or any number of them, unless they are there in 
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just proportion (which is in effect what Newton himself 
says) ; and white, then, may be made out of such a bluish 
light as we have described, not by putting anything to it, 
but by taking away the excess which is there already. 

^ Langley and T. W. Very showed by studying the radia- 
tions of the ireHy ''that it is possible to produce light 
without heat, other than that in the light itself; that this 
is actually effected now by nature’s processes ; that nature 
produces this cheapest light at about one four-hundredth 
part of the cost of the energy which is expended in the 
candle flame, and at but an insignificant fraction of the 
cost of the electric light.” 

Langley showed also that the amount of energy neces- 
sary to produce the sense of color varies enormously with 
the colon The sensation of red, for example, requires 
that the energy of the waves which enter the eye shall be 
100,000 times as great as the energy necessary to produce 
the impression of green. Far down below the visible red 
of the solar spectrum the delicate filament of Langley’s 
bolometer groped its way until a point was reached at 
which the solar radiations seem to be suddenly cut off. 
From terrestrial sources, however, he obtained still fur- 
ther wave lengths which exceeded in length .03 of a mil- 
limeter (or more than .001 of an inch). 

Rubens and Nichols, using a modified form of Crookes’ 
radiometer, found still longer wave lengths, equal to about 
i~ioo the length of the shortest Hertzian waves. Thus 
radiations of almost every length, from the great electric 
oscillations of Hertz several miles long down to the ultra- 
violet rays less than .000009 of an inch, have been defi- 
nitely measured. Enormous strides have been made in the 
measurement of all kinds of radiations, thanks to the in- 
receiver~-the '^electric eye,” as Sir 
1 -I it — a simple instrument, “nothing but 

when immersed m strong electric radiations they give mi- 
nute sparks across a microscopic air gap.” Thus Sir 
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Oliver Lodge. It was the theory of that great mathe- 
matician James Clerk-Maxwell, that light and electricity 
are fundamentally one, upon which Hertz conducted his 
studies leading to the production of those wonderful waves 
which to-day, thrc gh the improvements of Marconi, con- 
vey messages a tl uisand miles through empty air. In a 
lecture deli vered a : ew years before the close of the nine- 
teenth centnry Loci: e said of such oscillations: 

''Light is an electro-magnetic disturbance of the ether. 
Optics is a branch of electricity. Outstanding problems 
in optics are being rapidly solved now that we have the 
means of definitely exciting light with a full perception of 
what we are doing and of the precise mode of its vibra- 
tion. 

"It remains to find out how to shorten down the waves 
— to hurry up the vibration until the light becomes visible. 
Nothing is wanted but quicker modes of vibrations. 
Smaller oscillators must be used — ^very much smaller — 
oscillators not much bigger than molecules. In all prob- 
ability — one may almost say certainly — ordinary light is 
the result of electric oscillation in the molecules of hot 
bodies, or sometimes of bodies not hot— as in the phenome- 
non of phosphorescence. 

"Any one looking at a common glowworm must be 
struck with the fact that not by ordinary combustion, nor 
yet on the steam engine and dynamo principle is that easy 
light produced. 

^ “So soon as we clearly recognise,” he concludes, "that 
light is an electric vibration, so soon shall we begin to 
beat about for some mode of exciting and maintaining an 
electrical vibration of any required degree of rapidity. 
When this has been accomplished the problem of lighting 
will have been solved.” 
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I HERE IS no more general instinct in man than the love 
of the music of Nature. Often, too, the light accents of 

thM eloquent and persuasive 

than the louder vibrations heard in a world where every 
smallest particle of matter vibrates. The whole physical 
universe is but a fathomless ocean of vibrations, altho^only 
a few of these appear as audible sound. Yet in human his- 

mat ot hearing. The vocal Memnon of Egypt, the oracles 

striSr'S’the Vibrant harp- 

strings of the Scandinavian skald, the shrill call of the 

bagpipes, the booming tree-drums ;f the South American 

Se>2, i; "f ““Wl band or massed symphony 

orchestra, finally the human voice in all time--it needs 

ing i's^tSTnfuer,^^'^ examples to prove how surpass- 

shOTe'o/S wandering along the 

of a dead the shell 

across it He -f stretched 

Seal Lnd f himself with the 

the strings and found thev“made“ ‘f*" 

Such waf the orS of The Tvre^ 

» .hia m»lel a„ i.s« „^f'a 
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cluord— which was capable of prodticing notes of various 
pitch. The string was stretched above a board, and run- 
i ning over a bridge was attached to weights by means of '{ 

which the tension on the string could be adjusted. 

Strange theories the Greeks had as to the nature of 
sound. Not the least curious of these theories was that 
enimciated by Alcmaeon of Crotona, who wrote: 
hear with the ear because it contains a vacuum’"! Lit- 
tle as they knew of what is called to-day the science of 
sound, however, the Greeks carried the theory of music to 
a high degree of development They were familiar with 
the diatonic scale of C and wrote massive bass melodies, 
using the natural notes, these melodies being classified as 
^hnodes,’" according to the note upon which the melody 
ended. They had six such modes ending on every note 
of the scale except the seventh. The accompaniment was 
put in above the melody in a manner exactly the reverse 
of that now generally in use. The so-called Ionian Mode 
corresponded to the modern scale of C natural, the Mixo- 
lydian to that of G natural, the JEolmn to the scale of A 
minor. These same modes, adopted from the Greek by 
St Ambrose and added to by St Gregory, became the 
basis of many of the grand melodies still extant, in the 
ritual of the Catholic Church. The Greeks also recog- 
nised three genera or varieties of modulation — the 
Diatonic, the Chromatic and the Enharmonic. The latter 
contained intervals smaller than a semi- tone— -the least 
difference of pitch to which modern ears are accustomed. 

The peripatetic school of philosophers held that the higher 
the pitch of a sound the greater was its velocity; they 
also believed that the source of a sound determined the 
speed of its transmission, errors which were not disproved 
until early in the seventeenth century. 

^ Oracles played an important part in the history of Gre- 
cian development, as in fact in that of most ancient 
nations. The simple device of a speaking tube made it 
possible to produce those mysterious voices whose super- 
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natural revelations so swayed the imagination of an un- 
sophisticated people. Such were the cryptic and potent 
utterances of the famous Greek oracle at Delphi. To the 
modern mind, accustomed to wonder at nothing, to ex- 
plain everything, the faith of men in the oracular utter- 
ances of antiquity seems as barbarous, childish ; yet the 
roar of trains and machinery, the whistles, bells and rat- 
tling wheels of commerce cannot drown the quiet voice 
of the savant, the man who knows. The oracle still 
speaks, but speaks to-day from the mysterious retirement 
of the laboratory with an authority as absolute as that 
which bid the Athenians defend their city with wooden 
walls. 

It is apparent that the multitude of sounds which reach 
the ear must be conveyed to it by some material medium. 
In most cases this medium is the air; indeed, the striking 
fact has long since been pointed out that but for this at- 
mospheric ocean the world would be plunged for us in 
grpetual silence.^ The bell- jar experiment of Francis 
Hauksbee,^ made in the seventeenth century, proved that 
no sound is audible in a vacuum. The ringing of a bell 
became rapidly fainter when the air was exhausted from 
the bell-jar under which it was placed. 

The fact that air is not the only conductor of sound nor 
the best is well known. Tapping a table, the sound is 
heard much more distinctly when the ear is placed close to 
the wood; the Indian places his ear near the ground to 
note the sound of approaching footsteps; an oncoming 
tram is heard through the rails long before the sound of 
It reaches through the air; the detonation of a distant 
explosion comes with a double shock, the sound traveling- 

faster through the earth than through the air. In general 

then, the more dense the medium is, the better conductor 
does It become of sound waves. Liquids transmit the 
vibrations of sound better than gases. Stones clapped 
together under water produce a sharp stunning effect upon 
the ear placed under water to hear them. The bell signals 
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. installed on the American coast give practical evidence of 

the superior transmitting power of water over air. 

I The velocity of sound in air was investigated in the six- 

teenth century by Marin Mersenne. Noting the difference 
in time between the flash and the report of fire-arms at 
known distances, he got 1,380 feet per second as the speed 
of propagation of sound waves. This result was far from 
j accurate. Pierre Gassendi, making similar experiments, 

used guns large and small and disproved the Aristotelian 
theory that the velocity of sound was dependent upon 
source and pitch. To any one indeed in modern days this 
I idea of the peripatetic school must appear absurd, for the 

i pitch and the source of sounds from a modern orchestra 

! are as various as musical genius can make them, yet when 

played together the sounds of all reach the ear at the same 
moment. 

That the source of sound does not affect the speed of its 
transmission is not, however, universally true. Captain 
;; Parry, on his Arctic expedition, found that violently loud 

I sounds would travel faster than softer ones. During artil- 

lery practice it was shown that by persons at distance from 
the guns the report of the latter was heard before the 
command of the oflicer to fire. In a series of experiments 
upon the velocity of sound in rocks Mallet showed that 
with a charge of 2,000 pounds of gunpowder the average 
velocity of the sound of a blast was 967 feet per second, 
while a charge of 12,000 pounds produced a speed of trans- 
mission of 1,210 per second. Through iron the speed of 
sound has been shown to be still faster. M. Biot, experi- 
with an iron tube 3,120 feet long, found the 
speed of sound through this tube to be 9 or 10 times as 
fast as in air. It is now generally conceded that the speed 
of sound in iron is actually about five times as fast as in 
air and through water about four times as fast. ’ 

The great law of Inverse Squares which has been shown 
to be so general in physics applies also to Sound. If four 
bells of the same kind are placed at a distance of 20 yards 
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from the ear and another at a distance of lo yards the 
single bell produces a sound as loud as that of the four. 
How far a sound is audible depends upon its loudness." 
The report of a volcano at St. Vincent was heard at 
Demerara, 300 miles away, and the cannons of the battle 
of Waterloo are said to have been audible at Dover. 

The study of sound in music, the classification of tones 
and theii combination reached a high point of development 
long before any complete analysis had been made of the 
cause of sound and the manner of its transmission. About 
the end of the seventeenth century Joseph Sauveur, a poor 
adventurer who found his way on foot to Paris seeking his 
fortune, became professor of mathematics at the College 
Royal. He published important papers on the discovery 
of_‘ overtones” in strings, using paper riders to locate the 
points of greatest and least motion when the strings were 
set in vibration. He had observed and explained the phe- 
nomenon of sympathetic vibration. From the “beats” 
produced by organ pipes of nearly equal length he deter- 
mined the vibration rates of the notes given forth by each 
Iwo pipes were tuned in the ratio of 24-^ 25. When air 
was blown into these four beats per second were observed 
from which Sauveur concluded that the higher pitched 
pipe was producing 100 vibrations per second 
The experiments of William Noble and Thomas Pigott 
at Oxiord had proved that the vibration of a strino^ is 
greatest 'at the center and that it may also be made to 
vibrate in halves, thirds, fourths, fifths, etc. The strings 
ot a harp or piano, for example, vibrate chieflv as a whole 
—that IS, throughout their entire length. The harder iiie 
string IS p ucked or struck, the louder is the sound and the 
more ample is the motion of the string. Thus amplitude 
yibiation was seen to be a determining factor in the 
loudness of a sound. 

Not only nearness and amplitude of vibration, but echo 
as well may increase the intensity of a sound. Speakin.- 
tubes, megaphones and such devices depending upon this 
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prindple were in iisc: long before the theory of sound' was, 
generally understood. ' The effect here is evidently one: of 
reinforcement by echo, which in smooth tubes is so great 
that M. Biot observed that a conversation could be carried 
on in a low tone through a small tube .1,040 yards . lo.ng. 
For very Tong distances, however, it is evident that the 
speaking tube is not a practicable device, as it would re- 
quire 8 minutes for the sound to travel from one town to 
another 100 miles away — less than of the distance 
easily and instantly bridged . to-day by the wireless tele- 
graph. ■ 

The “father of acoustics’" introduced about the end of 
the eighteenth century a new chapter in the study of 
sound, Ernst Florens FriedriGh Chladni, educated for 
the law, proved himself a much better scientist than law- 
yer. He experimented with vibrating plates covered with 
sand. The collection of the sand at the nodes, or points 
of least vibration, formed the famous “figures of Chladni.” 
These were exhibited before Napoleon, and the conqueror 
of Europe presented him with 6,ogo francs to enable him 
to translate into French his Akustik. Chladni invented a 
torsional pendulum in which the motive force of gravity 
was replaced by the molecular resistance of a rod to the 
effect of twisting; he made many calculations of the abso- 
lute rate of vibration of sounding bodies and determined 
the velocity of sound in other gases than air by filling 
organ pipes with the gas and noting the resulting pitch. 

Felix Savart, the greatest master of his time in the 
theory of sound, invented a simple but effective instrument 
to show that the vibration rate of a body is the sole factor 
in the pitch of the note which it produces. A toothed 
wheel was made to rotate rapidly against the edge of a 
card. By increasing or decreasing the speed of rotation 
the pitch of the note produced could be raised or lowered 
at will. A dial indicated the number of shocks per second 
made by the teeth of the wheel striking the card. 

Caignard Latour invented about the same time an in- 
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Fig. 16— Sown Vibration Measurement. 

that he could hear tones of bodies 
vibrating at the rate of 48,000 per second. The lower limit 
audible vibration he placed at 16 or 14 per second With 

"" s^e" St wt£ 

1 / ^ number of vibrations 

per second, irrespective of the material of the 

body, was proved to be the sole factor 
pitch. It IS interesting to note that the 
phed to find the rapidity of motion in 
of insects. The tiny 
been found to vibrate 
About the middle of the 
instrument f- 
some attention. 


vibrating 
in determining 
siren has been ap- 
_ the buzzing wings 
gauze pinions of the gnat have thus 
i 15,000 times in a second. 

. . ■■■ ~ century was invented an 

so similar to the human ear that it deserves 
— .1. £,. Leon Scott produced an apparatus 
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whicli he called the Phonatitograph, so beautifully con- 
structed as to register not only the vibrations produced by 
solid bodies, but also those produced by wind-instruments, 
by the voice in singing, and even such noises as that of 
thunder or the report of a gun. A small cask of plaster of 
Paris, perhaps a foot and a half long, was closed at one 


Fig. 17 — Mechanism of the Ear. 


end but for a small circular space over which was fitted a 
flexible membrane. Plaster of Paris was selected on ac- 
count ofrits absence of elasticity and its very slight sus- 
ceptibility to vibration. A stylus or blunt needle in con- 
tact with the membrane recorded the vibrations of the 
latter upon a revolving cylinder. A movable piece, called 
the subdivider, enables the experimenter to adjust at will 
the arrangement of the lines of greatest and least vibra- 
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tion. Comparing the ellipsoid cask with the auditnrv 
canal, the stretched membrane with the tymnaniim ^ 
drum of the ear and the subdivider with the chafn of little 
bones which touch the tympanum, the likeness of this in 

C™,* “ ‘““i ^4uL"; 

Before the researches of Savart it was generally as- 
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also e¥ideiitly make it. audible when another less intense , : 

sound of the same pitch cannot be heard at all. 

The question of the quality of sounds was first clearly 
explained by the great Helmholtz. His "Lehre von den 
Tonemplindungen^ has gone through many German and 
English editions. This wonderful investigator, mathema- 
tician and physicist showed that musical tones were due > 

to regularity of vibration, discordant tones to irregularity. 

Musical tones he distinguished by their Intensity, Pitch 
and Quality. The Quality of a sound he found depended 
upon the number of 'hipper partials,” or ^‘overtones,'’ pres- 
eiit in the vibration of any body. The electrician Georg -i 

S. Ohm was the first to point out that there is only one 
form of vibration which will give rise to no “overtones/^ 
but consists only of the fundamental note. This was the 
vibration peculiar to the pendulum and tuning fork. 
Helmholtz^s experiments showed analytically the composi- 
tion of vowel qualities, how the infinite subtleties of inflec- 
tion in the human voice are due not so much to the loud- 
ness or softness, of the instrument as to the number and 
position of these upper tones present with and sounding 
with the fundamental. 'If only the unevenly numbered 
partials,” says he, "are present (as in narrow stopped or- 
gan pipes, piano strings struck in their middle points, and 
clarinets), the quality of tone is hollow, and, when a large 
number of such upper partials are present, nasal. When 
the prime tone predominates the quality of tone is rich, 
but when the prime tone is not sufficiently superior in 
strength to the upper partials the quality of tone is poor.^'* 
Helmholtz designed a series of glass globes, "resonators,*' 
which he had made of such size as to correspond with the 
vibration numbers of the upper partials of a given funda- 
mental tone. When the fundamental tone was sounded, 
he held each one of these resonators to his ear, and if that 
particular overtone were present it would at once be rein- 
forced and exposed by the resonator. Thus he proved 
beyond question the fact that it is the overtones of any i| 
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Rudolf Konig, the eminent instrument maker of Paris 
constructed a series of resonators which were a^S 
provement upon the design of Helmholtz. He made M. 
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By means of a series of electro-magnets he succeeded In 
making all possible combinations of overtones and produc- 
ing notes of every quality. 

Professor Ganot’s Elements de Physique thus sum- 
marizes the facts which the inestimably valuable researches 
of Helmholtz have contributed to the study of tone-color: 


Fig. 20 — Manometric Flames. 
Different tones produce variant flame effects. 


1. Simple tones, as those produced by a tuning-fork 
a resonance box, and by wide covered pipes, are soft 
agreeable without any roughness, but weak, and in 
deeper notes dull, 

2. Musical sounds accompanied by a series of har 
monies, say up to the sixth, in moderate strength are full 
and musical. In comparison with simple tones 
grander, richer and 
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toticMng the vibrating string at variotis points. Violin 
soloists become phenomenally skilled in the use of these 
harmonics, which can be produced with equal readiness on 
the stopped or on the open strings. The same effects may 
be observed in a piano if the string happens to be access- 
ible. From any string under tension harmonic effects may 
be obtained. Let the A string of a 'cello, for example, be 
bowed and at the same time lightly touched in the middle 
by a finger. A note will at once appear which is the 
octave above the open string, and the string will be seen to 
be vibrating in two sections in place of one. A paper rider 
will remain quiet when placed in the middle of the string, 
but if the latter is made to vibrate throughout its whole 
length the rider wdll be violently thrown off. Again, the 
string may be divided by a touch and made to vibrate in 
thirds or fourths or fifths. Dividing the string in thirds 
is clearly equivalent to multiplying its vibration number 
by 3. Each of these divisions will therefore give out a 
note whose vibrations are three times as frequent as those 
of the fundamental ; in musical terms this note is said to 
be an octave and a fifth above the open string. If the 
vibration number of the A string be taken at 213 vibrations 
per second, the octave and fifth (E') will then vibrate 
three times as frequently, giving 639 vibrations per second. 
(These figures, while not quite accurate, are close enough 
to illustrate by a rough computation how the values of 
harmonics were determined.) Dividing the same string of 
213 vibrations per second into four parts, a note is ob- 
tained two octaves above the open string (A'), and the 
vibration number of this note will, in the same manner, be 
four times that of the fundamental, giving therefore the 
number 852. The division of the string into fifths pro- 
duces a note which has five times the vibration frequency 
of the fundamental. This note will prove to be — two 

octaves and a third above the original note. A little care- 
ful experimentation will show that several still higher 
harmonics may readily be produced by this one string. 
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note C. But the interval from the first to the second note 
of the scale is not the same as the interval from the second 
to^ the third. The introduction of minor melodies and a 
minor scale made the problem still more difficult, for the 
ratio between E& in the “perfect” scale and C is not at all 
the ratio between D« in the “perfect” scale and the same 
note C. Consequently D# and E^' must both be altered to 
some intermediate note, since in an instrument (like the 
piano) of fixed pitch the same key must be struck to repre- 
sent both these notes. The problem was finally solved by 
dividing the notes from C to its octave above (C') into 
twelve equal steps or intervals, and by this means pro- 
ducing a tempered” scale of which the notes, black or 
white, could be played in any key. For this instrument 
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so tuned Johann Sebastian Bach, the greatest of all great 
composers, wrote his Das Wohltemperirte Klavier, show- 
ing that with these fixed and tempered notes music could 
be played in any key whatsoever. It is related of the 
great Handel that he could not bear to hear music played 
in the tempered scale, and had constructed for himself an 
organ provided with keys to produce every one of the 
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done by the body of the violin, every part of which is 
forced into vibration when the strings vibrate. A 
proportion in the constniction of the violin ^‘box” is the 
secret which the great Cremona violin makers — the Guar- 
nerii and Stradivari! — ^discovered. The wood must not be 
too thick, for the vibration then will be dull and smoth- 
ered, nor too thin, for then the tone of the instrument 
body, richness, mellowness. The material must be per- 
fectly seasoned, so that no subsequent contraction of the 


in general construction with the violin, the difference 
being mainly one of size, a word concerning the latter 
will of course apply to all in this group. 

The vibration of the strings alone of a violin, made by 
drawing a bow across them, would have so little resonant 
value that the sound would be almost inaudible and the 
instrument about as serviceable in an orchestra as a jew’s- 
harp. The tone must therefore be reinforced, and this is 








parts of the instrument proportion of the 

beneath the heaSt " trtno- the bass-bar 

the bridge; of ™ ouS of 

foot of the bridge- th<» a woich supports the other 
portioning of the bri*e tljf ““t and pro- 

of the wood; the sCe oTL t f 
shape of the sound-hole^ail th^^’ ‘ and 

affect the construcdon oIT ” rfe.f ‘"f “"^itions 

ing nearer to or fStTer from h 1 h bow- 

either bright or soft and m^i ^ is made 

cited near the L5S air is ex- 
tones are brought out if fa^rthp^^^’' ^ ® over- 

and primary ovfrtones ’assunt fundamental 

larger the segments In wirh i "■ for the 

cur the less will the tone be aff f vibrations oc- 

and wdsH and Te “ “a 

bowing farther from the brido-e necessitates 

violone), however Sav h. ^ ^iol (or 

strument givTJ a mamnfe occasionally as a solo in- 

Thd p™d„c.iL%Tf";Slf.hTh' 

pends upon the use of « * ^ instruments de- 

(“pedal") notes of these fundamental 

In the bugle, the simplest of thlT^"*® ^7 beard, 

fourth and fifth overtones second, third, 

C bugle will prori^nl 

notes G, C', E', G' and witb^th^ natural overtones the 
c^nga o. 


SOUND 


^35 

duced A trombone, if in this key, would add to these 
notes the octave C. Here, however, a new principle is 
introduced— by means of the slide the length of the trom- 
bone tube may be increased. Suppose the slide to be 
pushed out about an inch and a half, it is clear that the 
pitch of the whole instrument will be lowered ; it will give 
exactly the same series of overtones, but each will be 
found about a semi-tone below its original pitch, thus 
producing the notes F^, B, D=^, (It should be noted 
that a trombone is exactly an octave lower than a bugle, 
cornet or trumpet in the same key.) Pushing the slide 
out another inch and a half again lengthens the tube and 
again lowers the instrument a semi- tone, giving the series 
F, B&, D, F. This is actually the key in which the orches- 
tral trombone lies with slide closed. By repeating this 
process of lowering the slide all the serai-tones in the scale 
may be produced as far as the compass of the instrument 
extends. The pedal note of the trombone may similarly 
be lowered by means of the slide. 

In all the brass instruments other than the slide trom- 
bone the overtones are lowered by means of finger valves 
which introduce different lengths of pipe into the vibrat- 
ing tube. The trombone is not infrequently (especially in 
brass bands) provided with such valves in lieu of the slide, 
and the physical principle of the instrument then becomes 
identical with that of the French horn, cornet, trumpet 
and tuba. 

The French horn produces a tone singularly soft among 
the brasses, sounding often more like some wood wind 
instrument. The quality of tone of this instrument has 
been explained on the basis of the conical bore of the tube 
and the immense bell at the end of it. The sound is soft- 
ened and mellowed by the oblique reinforcement of echo 
from the walls of the tube. The trumpet, on the contrary, 
by far the most brilliant instrument in existence, is said 
to owe its superiority in this regard to the cylindrical bore 
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Md small bell of tbe tube. The vibrations are mt lost as 
n the spreading walls of the French horn, cornet etc 
Ihe wood wind instruments are of three types. The 
flute and piccolo (or octave flute) are made to sound by 
the breath of the player blown across a hole in the instru! 

Suce? Different notes are 

produced by the keys, which open holes in the side of the 

flute, thus causing the air within to vibrate in various sec- 
tions at the will of the player. 

Ihe oboe, English horn (or tenoroon) and bassoon have 
two thin reeds in the mouth-piece which set into vibration 
the column of air within the instrument. The extremely 
reedy tone of this instrument has caused it to be used I 

tive music. This penetrating, soft, but reedy quality 
when bi ought down into the bass register as in the bas- 
soon, has an effect sometimes ludicrous, sometimes terrify- 
mg, always peculiarly characteristic. The “flutes” of the 
igyptians are belieyed by some authorities to haye been 
in reality of the oboe type. It is probable that they fre- 
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sijrprisiiigly wide range of notes, altho of low pitch and 
dnll quality of tone, producing no definite musical tone- 
color. The copper hemisphere above which the sheepskin 
head is stretched acts as a perfect resonator, and the tone 
of the drum, partly on account of this large reflecting 
surface, has an amazing carrying power. 

Of other percussion instruments, such as the cymbals, 
snare drum, tambourine, xylophone, etc., which have come 
down with little or no change from the earliest times, only 
passing mention need be made. 

A familiar but very beautiful instrument, different in 
principle from any of those heretofore mentioned, is the 
/Tlolian harp. In this the strings are set in motion by the 
varying currents of wind upon them. Since no resonator 
reinforces the tone of the strings, the quality of the sound 
is exceedingly soft and ethereal, altho distinct enough in 
point of pitch. 

Sound, therefore, like Light and Heat, may be con- 
sidered in a double aspect, that of the physicist and that 
of the artist or musician. The Laws of Physics cannot 
be considered merely as cold abstractions, for the reason 
that they are so intimately related to the esthetic interests 
of life and the advancement of human well-being. The 
better understanding of the Properties of Matter has led 
to this era of Mechanical Knowledge, the comprehension 
of the principles of heat has enabled man to obviate 
much climatic inclemency; the length of available time 
for labor and pleasure has been increased by artificial 
lighting, and speech is dependent upon the hearing of 
the Sound. And even yet the vast domain of these great 
subjects is scarcely known, but half explored, and the 
twentieth century waits to welcome the Newton of the 
future,/'.; 
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ELECTRICITY 

CHAPTER I 

THE NATURE OF ELECTRICITY 

So RAPIDLY hav<» the applications of electricity to the 
wants of industry followed one another during the past 
thirty years that it may seem as tho the whole science 
had been practically developed in that time, and yet the 
real foundation work, which make the almost innumerable 
electrical contrivances of to-day possible, was mainly laid 
long before that period. It is Gilbert, Franklin, Volta, 
Galvani, Davy, Arago, Faraday, Maxwell and many others 
who have enabled the modern experts to put much of th«^ 
science on a mathematical basis, and who made long 
strides toward that final goal which is still so far away— 
the answer to the question, What is Electricity? 

Many are the philosophers who are still devoting their 
lives to it, and occasionally some fact is discovered which 
disarranges many existing ideas and leads to new and un- 
explored fields. The new theories which have been ad- 
vanced, however, have striven rather to elucidate some 
unexplained points of the old theories than to disprove 
them.";',..;'. 

Thales in 600 B.C., who discovered the attraction of 
amber for light bodies, said that amber had a soul Gil- 
bert, in 1600 A.D., is accredited with the followipg hypothe- 
sis: Friction, because it heats a body, caxi^H‘S it to emk 
rays of a subtle unctuous material, which rpwled again 
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Galvani, Davy, Arago, Faraday, Maxwell and many others 
who have enabled the modern experts to put much of th<» 
science on a mathematical basis, and who made long 
strides toward that final goal which is still so far away— 
the answer to the question, What is Electricity ? 

Many are the philosophers who are still devoting their 
lives to it, and occasionally some fact is discovered which 
disarranges many existing ideas and leads to new and un- 
explored fields. The new theories which have been ad- 
vanced, however, have striven rather to elucidate some 
unexplained points of the old theories than to disprove 

them. . ii 

Thales in 600 b.c,, who discovered the attraction 01 

amber for light bodies, said that amber had a soul. Gil- 
bert, in 1600 A.D., is accredited with the following hypothe- 
sis: Friction, because it heats a body, cai^es it to emit 
rays of a subtle unctuous material, which i^ twaled again 
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on coming into contact with the air, loses its expansive 
^ together again, bringing back such 
h^ht bodies as come m the way of the electrified body. 
According to Hauksbee, the emanations of matter whicL 
start from an electrified body spread in the form of rays 
or physical lines, which possess a kind of continuity in 
themselves so that those parts of each ray or line wLh 
reach out furthest into space receive thJ imp4e from 
th^e parts which are nearest to the body 
The eighteenth century brought out two theories which 

ohL^ explain most of the phenomena then 

observed: one was the two-fluid theory of SymmTr aS 

®“gle-fluid theory of Franklin. ^Both these 
thanes assumed electricity to be a fluid. 

or existence of one electric substance 

or fluid which attracts the particles of ordinary matter 
but repels itself. In the ordinary state, bodies arJ charged 
with a normal quantity of this electrical substance If this 

g a with a minus or negative charge. 

poses'thaTTnsSdtfTerfbelgo^fl 

fluids having opposite properties to each other ThTmok^ 
both^huMs^held 'togethefb^’ contain equal quantities of 

n«Mi4elh S,”rw iif r 

two fluids may be senarated • Thf by induction the 
one of the bodies arfd o ’ P°®'tive fluid passes to 

e.ec.»p.o„, ... 
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electrostatic apparatus. Indeed, these theories are still 
applied to a certain extent as affording a convenient means 
of expressing these electrostatic actions. They contain a 
large element of truth, and the later theory of Maxwell 
and the electron theory are elaborations of them. 

Franklin’s opinion on the nature of electricity may best 
be stated in his own words, and the following is an extract 
from his paper entitled ‘Opinions and Conjectures con- 
cerning the Properties and Effects of Electrical Matter 
arising from Experiments and Observations made at Phil- 
adelphia, 1749’: 

“(i) The electrical matter consists of particles ex- 
tremely subtile, since it can permeate common mat- 
ter, even the densest metals, with such ease and free- 
dom as not to receive any perceptible resistance. 

“(2) If any one should doubt whether the electrical 
matter passes through the substance of bodies, or only 
over and along their surfaces, a shock from an elec- 
trified large glass jar, taken through his own body, 
will probably convince him. 

“(3) Electrical matter differs from common matter 
in this, that the parts of the latter mutually attract, 
those of the former mutually repel each other. Hence 
the appearing divergency in a stream of electrified 
effluvia. 

‘‘(4) But the the particles of electrical matter do 
repel each other, they are strongly attracted by all 
other matter. 

‘‘(5) From these three things, the extreme subtilty 
of the electrical m.atter, the mutual repulsion of its 
parts, and the strong attraction between them and 
other matter, arise this effect, that when a quantity 
of electrical matter is applied to a mass of common 
matter, of any bigness or length, within our obser- 
vation (which hath not already got its quantity), it is 
immediately and equally diffused through the whole. 

“(6) The common matter is a kind of sponge to the 
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electrical fluid. And as a sponge would receive no 
water if the parts of water were not smaller than the 
pores of the sponge, and even then but slowly, if there 
were not a mutual attraction between those parts and 
the parts of the sponge; and would imbibe it still fast- 
er if the mutual attraction among the parts of the 
w^ater did not impede, some force being required to 
separate them; and fastest, if, instead of attraction, 
there were a mutual repulsion among those parts 
wdiich w^ould act in conjunction with the attraction of 
the sponge so is the case between electrical and 
common matter. 

( 7 ) Eut in the common matter there is (g'enerally) 
as much of the electrical as it will contain within its 
substance. If more is added, it lies without upon the 
surface, and forms what we call an electrical atmos- 
phere, and the body is said to be electrified. 

(8) fis supposed that all kinds of common matter 

do not attract and retain the electrical with equal 
s rengt 1 and force, for reasons to be given hereafter. 
And that those called electrics per se, as glass etc 
attract and retain it strongest and contain the great- 
est quantity. ^ 

electrical fluid is in common 

tube We know that common matter has near as 
much as It can contain because when we add a little 
more to any portion of it, the additional quantity does 
not enter but forms an electrical atmosphere. And 
we know that common matter has not (generally) 
more than ,t can contain, otherwise all Ioo2 portions 

lenT f do 

when they have electric atmospheres 

^ .f 

essential parts of Franklin’s primitive 
, propoun ed for the purpose of giving a consistent 
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account of the phenomena- of electric attraction and ; re- j j 

pulsion so far as they were known in his time. It iivctiri- 
ons to observe how some of his ideas were quite in keep- 
ing with the latest theory — the electron theory — described 
later. 

Various theories were propounded from time to time for 
a long time after the enunciation of the single and two 
fluid theories, but none served better as a working basis. 

In the latter part of the nineteenth century, however, a 
new theory dealing with electricity as obeying the laws 
of mechanics was formulated by Clerk Maxwell, the great 
English physicist Maxwell’s ideas were founded on the 
observations made by Faraday, who discovered that the 
nature of the insulating material, or dielectric, between 
the plates of a condenser had a great deal to do with the 
quantity of electricity which would flow into it under the 
influence of a given electromotive force. This fact led 
Maxwell to believe that the dielectric was the real seat of 
the charge, that the conductor acted merely to distribute 
the charge over the different portions of the dielectric in 
contact with it. When a flow of current takes place along 
a wire it is due to the differences existing in the dielectric 
about the wire. The f ollowing extract from ‘Maxwell’s 
Theory and Hertzian Oscillations,’ by H. Poincare, trans- 
lated by Frederick K. Vreeland, may serve to give some 
idea of the action in and about an electric circuit. 

‘Tf we undertake to compress a spring,” he says, “we 
encounter an opposing force which increases as the spring 
yields to the pressure. If, now, we can exert only a lim- 
ited pressure, a moment will arrive when we can no longer 
overcome the reacting force ; the movement will cease, and 
equilibrium will be established. Finally, when the pres- 
sure is removed, the spring will regain its original form, 
giving back all the energy that was expended in compress- 
ing it 

“Suppose, on the other hand, that we wish to move a 
body immersed in water. Here again we encounter a re- 
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electrical fluid. And as a sponge would receive no 
water if the parts of water were not smaller than the 
pores of the sponge, and even then but slowly, if there 
were not a mutual attraction between those parts and 
the parts of the sponge; and would imbibe it still fast- 
er if the mutual attraction among the parts of the 
water did not impede, some force being required to 
sepcuate them; and fastest, if, instead of attraction, 
there were a mutual repulsion among those parts 
which would act in conjunction with the attraction of 
the sponge so is the case between electrical and 
common matter. 

(7) But in the common matter there is (generally) 
as much of the electrical as it will contain within its 
substance. If more is added, it lies without upon the 
surface, and forms what we call an electrical atmos- 
phere, and the body is said to be electrified. 

(8) Tis supposed that all kinds of common matter 

do not attract and retain the electrical with equal 
strength and force, for reasons to be given hereafter. 
And that those called electrics per se, as glass, etc., 
attract and retain it strongest and contain the mat- 
est quantity. ^ 

electrical fluid is in common 
matter because we can pump it out by the globe or 

m.t'j, common matter has near as 

much as it can contain because when we add a little 
more to any portion of it, the additional quantity does 
not enter but forms an electrical atmosphere. And 
we know that common matter has not (generally') 
more than it can contain, otherwise all loose portions 

when J constantly do 

when they have electric atmospheres. 

T- electrical ataosphere is that 

of the body it surrounds.” 

parts of Franklin’s primitive 
theory, propounded for the purpose of giving a consistent 
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account of the phenomena of electric attraction and re- 
pulsion so far as they were known in his time. It m curi- 
ous to observe how some of his ideas were quite in keep- 
ing with the latest theory — the electron theory — described 
later. 

Various theories were propounded from time to time for 
a long time after the enunciation of the single and two 
fluid theories, but none served better as a working basis. 
In the latter part of the nineteenth century, however, a 
new theory dealing with electricity as obeying the laws 
of mechanics was formulated by Clerk Maxwell, the great 
English physicist. Maxwell’s ideas were founded on the 
observations made by Faraday, who discovered that the 
nature of the insulating material, or dielectric, between 
the . plates of a condenser had a great deal to do with the 
quantity of electricity which would flow into it under the 
influence of a given electromotive force. This fact led 
Maxwell to believe that the dielectric was the real seat of 
the charge, that the conductor acted merely to distribute 
the charge over the different portions of the dielectric in 
contact with it. When a flow of current takes place along 
a wire it is due to the differences existing in the dielectric 
about the wire. The following extract from 'Maxwell’s 
Theory and Hertzian Oscillations,’ by H. Poincare, trans- 
lated by Frederick K. Vreeland, may serve to give some 
idea of the action in and about an electric circuit. 

"If we undertake to compress a spring,” he says, "we 
encounter an opposing force which increases as the spring 
yields to the pressure. If, now, we can exert only a lim- 
ited pressure, a moment will arrive when we can no longer 
overcome the reacting force ; the movement will cease, and 
equilibrium will be established. Finally, when the pres- 
sure is removed, the spring will regain its original form, 
giving back all the energy that was expended in compress- 
ing it. 

"Suppose, on the other hand, that we wish to move a 
body immersed in water. Here again we encounter a re- 
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electrical fluid. And as a sponge would receive no 
water if the parts of water were not smaller than the 
pores of the sponge, and even then but slowly, if there 
were not a mutual attraction between those parts and 
the parts of the sponge; and would imbibe it still fast- 
er if the mutual attraction among the parts of the 
water did not impede, some force being required to 
separate them; and fastest, if, instead of attraction, 
there were a mutual repulsion among those parts 
which would act in conjunction with the attraction of 
the sponge— so is the case between electrical and 
common matter. 

(7) But in the common matter there is (generally) 
as much of the electrical as it will contain within 'its 
substance. If more is added, it lies without upon the 
surface, and forms what we call an electrical atmos- 
phere, and the body is said to be electrified. 

(8) Tis supposed that all kinds of common matter 

do not attract and retain the electrical with equal 
s 1 and force, for reasons to be given hereafter. 
And that those called electrics per se, as glass etc 
attract and retain it strongest and contain the great- 
est quantity, ^ 

“(9) We know that the electrical fluid is in common 

tTbe W,T' '• Stab, o? 

^ "matter has near as 

much as it can contain because when we add a little 
more to any portion of it, the additional quantity does 
ot enter but forms an electrical atmosphere. And 
we know that common matter has not (generally) 
more than it can contain, otherwise all loose portioL 

Z i constantly do 

when they have electric atmospheres. 

T- electrical atmosphere is that 

of the body it surrounds.” 

the essential parts of Franklin’s primitive 
them,., propounded for the purpose of giving a consisted 
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account of the phenomena of electric attraction and re- 
pulsion so far as they were known in his time. It io curi- 
Ls to observe how some of his ideas were quite in keep- 
ing with the latest theory— the electron theory— described 

later. ' , . . , 

Various theories were propounded from time to time tor 
a long time after the enunciation of the single and two 
fluid theories, but none served better as a working basis. 
In the latter part of the nineteenth century, however, a 
new theory dealing with electricity as obeying the laws 
of mechanics was formulated by Clerk Maxwell, the great 
English physicist. Maxwell’s ideas were founded on the 
observations made by Faraday, who discovered that the 
nature of the insulating material, or dielectric, between 
the plates of a condenser had a great deal to do with the 
quantity of electricity which would flow into it under the 
influence of a given electromotive force. This fact led 
Maxwell to believe that the dielectric was the real seat of 
the charge, that the conductor acted merely to distribute 
the charge over the different portions of the dielectric in 
contact with it. When a flow of current takes place along 
a wire it is due to the differences existing in the dielectric 
about the wire. The following extract from ‘Maxwell’s 
Theory and Flertzian Oscillations,’ by H. Poincare, trans- 
lated by Frederick K. Vreeland, may serve to give some 
idea of the action in and about an electric circuit. 

“If we undertake to compress a spring,” he says, we 
encounter an opposing force which increases as the spring 
yields to the pressure. If, now, we can exert only a lim- 
ited pressure, a moment will arrive when we can no longer 
overcome the reacting force; the movement ivill cease, and 
equilibrium will be established. Finally, when the pres- 
sure is removed, the spring will regain its original form, 
giving back all the energy that was expended in compress- 
ing it 

‘^Suppose, on the other hand, that we wish to move a 
body immersed in water. Here again we encounter a re- 
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“Tlie former, having to overcome a sort of elastic re- 
action, must be of short duration, for this reaction in- 
creases as long as the current continues to flow and equi- 
librium must soon be established. 

“Conduction currents, on the other hand, must overcome 
a sort of viscous resistance, and hence may continue as 
long as the electromotive force which produces them. 

“To take a hydraulic analogy, suppose that we have 
a closed vessel containing water under pressure. If we 
put this vessel in communication with a vertical pipe, the 




Fig. 2 — Model Illustrating the Flow op a Conduction 
Current. 

The flow continues undiminished as long as the pressure is main- 
tained. The energy expended in friction takes the form of 
heat and is lost. (From Vreeland & Poincare, MaxwelFs 
Theory.) 

water will rise in it, but the flow will cease when the 
hydrostatic equilibrium is established. If the pipe be 
large, there will be no appreciable friction nor loss of 
head, and the water thus raised may be used to do work. 
We have here an illustration of displacement currents. 

“If, on the other hand, the water be allowed to run 
out through a horizontal pipe (Fig. 2), the flow will con- 
tinue as long as there is water in the reservoir; but if the 
pipe be small, there will be a considerable less of energy, 
and heat will be produced by the friction. This illustrates 
the action of conduction currents. 

“Altho it is impossible and unnecessary to try to im- 
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fluids. This is why a coaductor is heated by the , passage 
of a current; 

‘‘From Maxwell's point of view, none but closed cur- 
rents exist To the early electricians this was not the 
case. They considered as closed the current which cir- 
culates ill a wire joining the two terminals of a battery. 
But if, instead of joining these terminals directly, they 
were connected respectively to the two plates of a con- 
denser, the momentary current which flowed while the 
condenser was being charged was considered as unclosed. 
It flowed, they said, from one plate to the other through 
the wire connected to ^ le battery, and stopped at the sur- 
faces of the plates. Maxwell, on the contrary, considers 
that the current continues, in +he form of a displacement 
current, across the insulating layer which separates the 
plates, and is thus completely closed. The elastic reaction 
which the current encounters in traversing the dielectric 
explains its short duration. 

“Currents lay manifest themselves in three ways: by 
their hcatin^; effects, by their action on magnets and on 
other currentr, by the induced currents which they gen- 
erate. We have seen above why conduction currents pro- 
duce heat and displacement currents do not. Yet, accord- 
ing to Maxwell's hypothesis, the currents which he im- 
agines should, like ordinary currents, produce electromag- 
netic, electrodynamic, and inductive effects. 

“Why could these effects not be observed? Because a 
displacement current, however feeble, cannot continue 
long in one direction; for the tension of our hypothetical 
springs, continually increasing, will soon check it. Thus 
we cannot have in a dielectric either a continuous current 
of long duration or a sensible alternating current of long 
period; but the effects should be observable if the alterna- 
tions are very rapid. 

“And here we have, according to Maxwell, the origin 
of light: A light wave is a series of alternating currents, 
flowing in a dielectric, in the air, or in interplanetary 


^50 electricity 

space, changing their direction 1,000,000,000,000,000 tii ics 

in a second. The enormous inductive effect of these ranid 

alternations produces other currents in the neighbortes' 
portions of the dielectric, and thus the light waves are 
propagated from place to place. The velocity of propa- 
gation may be Known analytically to be equal to the ratio 
of^ the units- that is, to the velocity of light. 

“These alternating currents are a kind of electrical 
vibration; but are they longitudinal, like those of sound or 
transverse, like those of Fresnel’s ether? In the case of 
sound, the air undergoes alternate condensations and rare- 
factions; but the ether of Fresnel acts as if it were com- 
posed of incompressible layers capable only of slidino- 
cuS Te the currents flowed in ^nclosJd cff- 

Sd or fhe “ accumulate at one 

end or the other of the circuits, and we should have a con- 

ition analogous to the condensations and rarefactions of 
air the vibrations would be longitudinal. But as Max- 
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many other grand generalizations, was more a mathemati- ^ 
ca! than a physical theory. What it chiefly accomplished 
was to ejcpress, in mathematical language, the experi- 
mental results of Faraday. Maxwell, however, avoided ■ ' 
giving any description of the molecular constitution of j 

the media through which electrical energy was trails- j 

mitted. 

Professor Fleming, in his pamphlet on the '‘Electronic 
Theory,'’ says: 

‘Tt seems tolerably clear from all the facts of electroly- 
sis that electricity can only pass through a conducting 
liquid or electrolyte by being carried on atoms or groups 
of atoms which are called ions — i.e., wanderers. The 
quantity thus carried by a hydrogen atom or other monad 
element, such as sodium, silver, or potassium, is a definite 
natural unit of electricity. The quantity carried by any 
other atom or group of atoms acting as an ion is always 
an exact integer multiple of this natural unit. This small 
indivisible quantity of electricity has been called by Dr. 

Johnstone Stoney an electron or atom of electricity. The 
artificial or conventional unit of electric quantity in the 
centimeter-gram-second system, as defined by the Brit- 
ish Association Committee on Electrical Units, is as fol- 
lows : 

" 'An electrostatic unit of electric quantity is the charge 
which, when placed upon a very small sphere, repels an- 
other similarly charged sphere, the centers being one cen- 
timeter apart, with a mechanical force of one dyne. The 
dyne is a mechanical unit of force, and is that force which, 
acting for one second on a mass of one gram, gives it a 
velocity of one centimeter per second. Plence, by the law 
of inverse squares the force in dynes exerted by two equal 
charges Q at a distance D Is equal to QVDl Two other 
units of electric quantity are in tise-— the electromagnetic 
unit, which is thirty thousand million times as great as 
the electrostatic unit, and the practical unit, called the 
coulomb or ampere-second, which is three thousand mil- 
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&n times the electrostatic unit. We can calculate easily 
the relation between the electron and the coulomb— that is 
between Nature’s unit of electricity and the British Asso- 
w^iit — as follows ; 

txrW V any electrolyte, say acidified water 

which yields up hydrogen at a negative electrode, we find 
that to evolve one cubic centimeter of hydrogen at o“ C 

’‘I®. through the electrolyte a 

quantity of electricity equal to 8.62 coulombs. For 06 uo 
coulombs are required to evolve one gram of hydrogen and 
11,200 cubic centimeters at 0° C. and atmospheric pressure 

5 o by?ifa”‘ 96,- 

From various sources calculations indicate that tlm 

probably best represented by the number twenty million 
two atorn^om ^ there are 

units the electric charge on a hydrogen atom or hydrogen 


3 X 10 ^ ^6S 

4 X io“t» io^x ^ G. S. electrostatic unit = 
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smallest particle in nature and indivisible, but now ■ we 
* must assume that atoms are composed by smaller particles, . 

I We are compelled by all the known facts to admit ' that 

I Professor Crookes was right when he declared the cathode 

I rays to be a stream of matter shot from the cathode. 

I Professor J. J. Thomson, by measuring the deflection of 

the stream (of h'adiant matter,’ as Crookes called it) in a 
I known magnetic field, shows that, if the radiant matter 

I consists of corpuscles or particles, each carries a charge 

j of one 'electron,’ and has a mass of about Viw of a hy- 

! drogen atom, and their velocity is from ys to }i the veloc- 

I ity of light. 

i "So far as the effects in high vacua are concerned, Pro- 

I lessor Crookes discovered all we know about cathode 

I rays, but Lenard conceived the idea that these rays could 

I penetrate the walls of the vessel containing the vacuum, 

I and by inserting a window of aluminium in the vessel he 

I found the rays penetrated the aluminium and that they are 

I active outside the vessel as they are inside. 

"Electrons are found in the mass of gas through which 
I Rontgen rays have passed. Rontgen discovered that if the 

I rays from the cathode struck a conductor in the vacuum 

I bulb, that they penetrated the glass bulb enclosing the 

. vacuum, and that they also penetrate many opaque bodies 

I outside, and prodtice photographs on active plates. 

J "The atom, it seems, can be divided into two parts of 

f very unequal size. The small part is negatively electrified, 

I and is always the same, no matter from what chemical 

atom it comes. The remaining larger part is positively 
electrified, but is different in nature, depending on the ele- 
mentary atom broken up. It is not settled whether the 
particle and its negative charge are separable. It is, how- 
ever, becoming common to speak of the two together as 
I the 'electron.’ 

"From this point of view the theory of electricity origi- 
nates IS called the electronic theory. The principal objects 
of consideration in this theory are these electrons which 
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constitute what we call electricity. An atom of matter in 
Its neutral condition has been assumed to consist of ar 
shell or envelope of negative electrorassocltS 
with some core or matrix which has an opposite elecfnVni 

f’fctron is withdrawn from the 
atom the latter is left positively electrified. 

A neutral atom minus an electron constitutes tfin not 
ural unit of positive electricity, and the electron anH tf' 
jeuM alom „ elect™ sometime' Sited „.2' 

analysis of possible atomic structure wa 
with the above hypothesis in hand, we have 4en^ to^ex’ 
press our statements of electrical factsTn term” 5 t^.' 
electron as the fundamental idea. ^ 
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ELECTROSTATICS — ATMOSPHERIC ELECTRICITY 

In the early days of electrical science many of the ex- 
periments in electrostatics were developed which still 
form a considerable part of the course usually taught in 
present-day schools. The attraction of amber when 
rubbed for light bodies was known to the ancient Greeks 
as long ago as 600 b.c. About the year 1600, Gilbert, who 
had made several discoveries concerning the properties of 
the magnet, discovered in glass, sulphur, resin and various 
precious stones the same attractive power known to be 
possessed by amber. From that time innumerable physi- 
cists have extended Gilbert’s discoveries and have found a 
great number of curious phenomena previously entirely 
unknown, and in this way have contributed to found that 
branch of physics which, under the name of Electricity, 
has attained such important dimensions in modern times. 

*Tf he had used a ball of glass or sulphur previously, 
rubbed,’’ sugests Guillemin, ‘‘he would have known of the 
reciprocity of attraction in the same way as he had shown 
that soft iron attracts a magnet. But Gilbert greatly ex- 
tended the list of bodies capable, like amber, of being elec- 
trified by friction,* to those that we have already men- 
tioned he added shellac, rock salt, alum and rock crystal 
He also found that electrical attraction took place not 
only between light bodies, but between certain solid bodies, 
drops of liquids, gaseous bodies, and dense vapors. Again, 
he discovered the influence of atmospheric conditions on 
electric phenomena. 
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when the glass had been heated by friction. The effects 
of moisture and warmth that Gilbert had discovered were 
proved beyond doubt by the experiments of Hauksbee,. 
Dufay and Gray. The following passage occurs in Hauks- 
bee’s Physico-Mechanical Experiments; ‘When the tube 
became hottest by the strongest Attrition, the Force of the 
Effluvia was rendered manifest to another Sense too, 
namely, that of feeling. They did not then only produce 
all the forementioned Effects in a more remarkable man- 
ner, but were also plainly to be felt upon the Face, or any 
other tender part, if the rubbed Tube was held near it. 
And t;iey seemed to make very nearly such sort of streaks 
upon the Skin, as a number of fine limber Hairs pushing 
against it might be supposed to do.’ 

“The discovery of electrical conductivity was made in 
the early part of the eighteenth century by Stephen Gray. 
While looking for the reason of the difference between 
the two classes he came upon the general fact that all 
bodies, without exception, are capable of being electrified, 
but that the circumstances must be varied to suit the sub- 
stances. 

‘Xet us rapidly review the points that led Gray to this 
important discovery. Having electrified a piece of glass 
tube, the ends of which were stopped with corks, he was 
surprised to find that the corks, which he had not rubbed, 
picked up light bodies just as the tube itself did, showing 
that the electricity passed from the glass to the cork. 
Gray followed up this experiment by lengthening the corks 
with sticks of ivory, wood or metal, yet he had the same 
phenomena even with stems which ended in a ball of 
ivory. Hung from a balcony by a long cord fastened to 
the tube the ball still was electrified. He then varied his 
experiment to greater and greater distances, until he 
found the same effect at the end of a cord 765 feet long. 
But Gray found that in order to succeed, certain condi- 
tions had to be fulfilled; the cord which carried the elec- 
tricity had to be suspended by silk strings, as JsC* found 
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“We quoted above Gray’s first experiment, which estab- 
lished the electrical conductivity of the body. It was a 
French physician, Dufay, a member of the Academy of 
SciOTces, who drew the first spark from the human body. 
‘Being suspended by silk cords, he found, when electrified, 
that, if any one brought his knuckle near to him, he felt 
a stinging sensation like a pin-prick, also that the person’s 
knuckle felt the same sensation. When the experiment 
was performed in the dark a little spark was observed.’ 

“Gray took up the experiments of Dufay and in his turn 
found that he could draw sparks from any insulated body 
which had been put into contact with rubbed glass; if these 
bodies terminated in a point a small luminous cone was 
seen, accompanied by a slight noise. In reference to this 
Gray repeated Wall’s comparison between the spark fol- 
lowed by the crackling sound and the lightning followed bv 
thunder.” o / 

Newton’s grand discovery of the law of the universal 
attraction of matter, when he showed that the force was 
proportional to the mass and that it varied in the inverse 
ratio of the square of the distance, incited the physicists 
of the eighteenth century to discover the law which gov- 
erned the strength of electrical forces. Dufay, Hauksbee, 
Muschenbroek, .rEpinus, and Cavendish were all more or 
less instrumental in attaining this end ; but we are in- 
debted to Coulomb for an exact experimental demonstra- 
tion of these laws. Coulomb used for this purpose a simi- 
lar apparatus to the magnetic balance. From the figure it 
will be seen that it consisted of two spheres so arranged 
that they could be charged and the force of repulsion be- 
tween them balanced by the torsion of the suspension. 

By means of this instrument Coulomb was able to prove 
the two laws of electrical attraction : 

1. The repulsion between two electrified bodies charged 
with the same electricity varies inversely as the square of 
the distance between them. 

2. The attractions and repulsions vary in the ratio of 
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the products of the quantities of free electricity-that is to 
electric charges of the two bodies. 

• action of points on metallic conductors in increas- 
ing the density of the charge at the point received the at- 
tention of Franklin. The following%uotation from £ 
Observations on Electricity, made at 





taace^ the repellency is- instantly destroyed and the cork 
mes to the shot. A blunt body must be brought within an 
iiicli^and draw a spark to produce the same effect. 

^lo prove that the electrical hre is drawn off by the 
point, If yon take the blade of the bodkin out of the 
wooden handle and fix it in a stick of sealing-wax, and 
then present it at the distance aforesaid, or if yon bring It 
very near, no such effect follows; but sliding one finger 


Fig. 6 — Franklin’s Experiment on the Action of Points. 


along the wax till joii touch the blade, and the ball flies 
to the shot immediately. If yon present the point in the 
dark you will see, sometimes at a foot distance and more, 
a light gather upon it, like that of a firefly or glowworm; 
the less sharp the point the nearer must you bring it to 
observe the light; and at whatever distance you see the 
light, you may draw off the electrical fire and destroy the 
repellency. If a cork ball so suspended be repelled by the 
tube, and a point be presented quick to it, ffis surprising to 



i 62 


JiJLJiCTRICITY 
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“It IS calculated that the density of electricity at as 
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is at once perceptible, arising from the motions of the 
particles of air. This can be still better shown by holding 
a candle-flame in front of a long-pointed conductor. The 
electric wind is sufficient to bend the flame sharply down, 
or even to put it out. ’ 

“This movement of the air at the points on electrified 
conductors has always been attributed to the accumulation 
of electricity, which has been compared to a fluid; but the 
following explanation seems to us preferable, as it in- 
volves no hypothesis on the nature of electricity, and, be- 
sides, it is found to agree' with known phenomena. The 
molecules of air, in contact with a point electrified to a 
great electric density, become charged with the same elec- 
trification as the conductor itself. Hence the nearest® 
molecules are repelled and others fill their place, which 
become electrified in their turn, and so on. Hence the 
current of air, which only lasts as long as the electricity is 
being supplied. It can be stopped by putting a cap of 
sealing-wax over the point.” 

The explanation of the attraction of an electrified body 
for an unelectrified one was not well understood until 
the middle of the eighteenth century. John Canton, of 
Stroud, seems to have been the first to give the true ex- 
planation. His apparatus was similar to that shown in 
Fig. 8. If the sphere C be charged with a positive charge 
of electricity the end A of the cylinder, which is nearest to 
the sphere, will be^ charged negatively, the other end B 
will be charged positively. We can prove this if we bring 
an electrified pendulum near to each end in turn. Suppose 
the little ball to be charged positively, it is found to be 
attracted to the end A when brought carefully toward 
it, but when brought toward the end B it is repelled. 
The reverse would be the case if the sphere C were 
charged negatively. 

It may be well here to point out the difference between 
a conductor and a dielectric, or non-conductor. A con- 
ductor merely connects different parts of the dielectric 
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If the conductor tapers to a point 
lectnc wiil be most intense aboui 
^arge about the sphere is influencec 
=e, the conducting sphere allows ii 
■ body may dictate. 

:tncal influence was soon made use 
chme for the production of electric 
ts the forerunner of the modern 
• was the electrophorus 
the name of “perpetual electro- 
erves for a long time the charges 
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“It consists of two parts; a cake of insulating material, 
such as resin, sulphur or india-rubber, cast into a wooden 
or metal tray, and a metal disk fixed to an insulating 
handle of glass or to silk cords. Frequently the disk 
is of smaller diameter than the cake, and sometimes it 
is made not of metal but of wood, covered on both edge 
and faces with tinfoil. 

“To use the electrophorus, remove the metal disk and 
rub the insulating cake with flannel, woolen cloth or fur, 
best of all with a catskin. This produces negative elec- 
trification on the resinous cake. This you may prove if 
you bring your finger near the cake, for you will observe 
small sparks and crackling sounds. Now take the metal 
disk by the insulating handle and place it on the rubbed 
insulating cake. 

Now pause a moment : let us think what has happened 
in this action. While you were putting down the lid on 
the cake, even before it touched the cake, it was under» 
influence. The cake is negative, hence as you hold the 
lid over it there will be a displacement and a rush of elec- 
tricity in the lid, causing a positive charge to accumulate 
on the lower side, leaving the upper side negative. This 
effect will of course increase as the disk is lowered It 
will be noticed that the metal dish in which the cake 
stands is also under influence ; but this is of no importance* 
‘Tou must now touch with your finger the top of 
the lid. Your finger will also be under influence dur- 
ing this action, a -f- charge accumulating on its tip 
and then discharging itself with a small spark to fill up 
and neutralize the — charge on the top surface. Now lift 
up the lid by the handle. You will find that it is positively 
electrified, and you can carry away the charge and use 
it to give a big spark to any other conductor. You can 
then put the lid down again on the cake, touch it, lift it up 
again and take another spark as often as you please, the 
cake remaining all the time charged with its original 
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charge. The length of spark is roughly proportional to 
the size of the electrophorus. 

“Mascart in his treatise says that Lichtenberg con- 
structed an electrophorus with a cake six feet across and 
the disk was five feet across, and the sparks drawn from 
It fourteen to sixteen inches long. Another very lar^e 
electroplioriis was made by Kleindworth for the Univer- 
sity of Gottingen; the cake of resin was 2.25 meters in 
cliameter and the conducting disk 2 meters. 

preserves its charge for months 
^ cupboard where the air is perfectly drv' 
e have said that the insulating cake of the electrophorus' 
is made of resm, sulphur or india-rubber. All good in- 
sulators can be used; mixtures of these substances are 
generally used in order to make the cake less brittle.” 

description of the principal static machines 
which have been developed is taken from Professor S P 
nefisnC°" * Elementary Lessons in Electricity and Mag^ 

purpose of procuring larger supplies of elec- 
tricity than can be obtained by the rubbing of a rod of 
glass or she lac, electric machines have been devised. All 
electric machines consist of two parts, one for producing 
the other for collecting, the electric charges. ExperienS 
has shown that the quantities of -j- and — electrification 
developed by friction upon the two surfaces rubbed against 
one another depend on the amount of friction, upon the 

SS sltnStS 

earliest form of electric machine was devised by 
of « h” Magdeburg, and consisted of a globe 

surface of pressed with the dry 

ace of the h^ds while being made to rotate; with this 
he discovered the existence of electric spark4 and the 
repulsion of similarly electrified bodies. Sir Isaac New 
ton noplnood Von Gnoricko's globn of srfptar riote 
f glass. A h.tle Jafer the form of the machine was im- 
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proved by various German electricians; Von Bose adder! 
a collector or '^rlme conductor/’ in the shape of an Iron 
tube, supported by a person standing on cakes of resin to 
insulate them, or suspended by silken strings ; Winckler of 
Leipzig substituted a leathern cushion for the hand as a 
rubber ; and Gordon of Erfurt rendered the machine more 
easy of construction by using a glass cylinder instead of a 
glass globe. The electricity was led from the excited 
cylinder or globe to the prime conductor by a metallic 
chain which hung over against the globe. A pointed col- 
lector was not employed until after Franklin’s famous re- 
searches on the action of points. About 1760 De la Fond, 

Planta, Ramsden and Cuthbertson constructed machines 
having glass plates instead of cylinders. All frictional 
machines are, however, now obsolete, having' in recent 
years been quite superseded by the modern influence ma- 
chines. 

“The cylinder electric machine consists of a glass cylin- 
der mounted on a horizontal axis capable of being turned 
by a handle. Against it is pressed from behind a cushion 
of leather stuffed with horsehair, the surface of which is 
covered with a powdered amalgam of zinc or tin. A dap 
of silk attached to the cushion passes over the cylinder, 
covering its upper half. In front of the cylinder stands 
the prime conductor,” which is made of metal, and usually 
of the form of an elongated cylinder with hemispherical 
ends, mounted upon a glass stand. At the end of the prime 
conductor nearest the cylinder is fixed a rod bearing a row 
of fine metallic spikes, resembling in form a rake ; the 
other end usually carries a rod terminated in a brass ball 
or knob. When the handle is turned the friction between 
the glass and the amalgam-coated surface of the rubber 
produces a copious electrical action, electricity appearing 
as a -f- charge on the glass, leaving the rubber with a • — 
charge. The prime conductor collects this charge by the 
following process: The -f- charge being carried round on 
the glass acts inductively on the long insulated conductor^ 
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repelling a + charge to the far end; leaving the nearer 
end - ly charged The effect of the row of pointsTJo 
emit a — ly electrified wind toward the attractino- 4 - 

neutralized thereby^ tl^ 
feadv at the rubber in a neutral condition 

ready to be again excited. This action of the points is 
sometimes described, tho less correctly, by saying that the 
points collect the + charge from the ghss If it !s Sired 
to collect also the — charge of the rubber, the cushion 
must be supported on an insulating stem and provided at 

to u eSn^ " ""S however, Lre SS 

to use only the + charge, and to connect the rubber bv a 

Cham to “earth,” so allowing the - charge to be neutrah 

^'"“'^hon of a jet of steam issuing from a boiler 
thiough a wooden nozzle, generates electricity. In reality 
dir^S P®‘‘^‘oles of condensed water in the jet which are 

?5rsSrS”„7;!”i'- ? '-1-0 

this source of electricity, constructed a powerful apoaratus 
known as the hydro-electrical machine, capable of Sui 

'"iT™'lonT‘ T^ f ""d yielding spLs 

collector consisted of a row of 
spikes, placed in the path of the steam jets issuing- from 

Tlf wVcriervef aT' together with f brass 

pillar.” pnme conductor, upon a glass 

the several oSh™. ? L n>«hanically 

charsadTi Sat„/5‘r 

‘KrS'eJte''"'" 

the revolviag doubler of NieToloMu™„ted°f”,1? ™ 

“S cfbeTS irT“ 

body, there touched^fnr presence of an electrified 
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other body, to which it imparts its charge, and whicii in 
tarn acts inductively on it, giving it an opposite charge 
which It can convey to the first body, thus increasing Its 

initial charge at every rotation. 

"In the modern influence machines two principles are 

embodied: (i) The j 3 rinciple of influence, namely, that a 
conductor touched while under influence acquires a charge 
of the opposite kind; (2) the principle of reciprocal ac- 
c^umulation. This principle must, be ca.refullv noted. Let 
there be two 2.nsulated conductors A a.nd B .electrified ever 
, so httle, one positively, the other negatively. Let a third 
insulated conductor C, which will be called a carrier, be 
arranged to move so that it first approaches A and then 
B, and so forth. If touched while under the influence of 
the small positive charge on A it will acquire a small 
negative charge; suppose that it then moves on and gives 
this negative charge to B. Then let it be touched while 
under the influence of B, so acquiring a small positive 
charge. When it returns toward A let it give up this posi- 
dye charge to A, thereby increasing its positive charge. 
Then A will act more powerfully, and on repeating the 
former operations both B and A will become more highly 
charged. Lach accumulates the charges derived by in- 
fluence from the other. This is the fundamental action of 
the machines in question. The modern influence machines 
date from i860, when C. F, Varley produced a form with 
six carriers mounted on a rotating disk of glass. This 
was followed in 1865 by the machine of Holtz and that of 
roepler, and in 1867 by those of Lord Kelvin (the “re- 
plenisher” and the “mouse-milF^). ■ The latest forms are 
tnose of'Mr. James -Wimshurst.” 

At the present time these machines are used to a limited 
extent as a source cf high voltages for such work as oper- 
ating vacuum tubes, X-ray apparatus, and the like; but 
their uncertainty of action, small power and the irregular- 
ity of their discharge make the high-tension transformer 
or. ;Ruh:iiilc.O:rf.;coiI preferable., ■ 
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Cuneus, a pupil of Muschenbroek, a celebrated physicist 
of the eighteenth century, was one day trying to electrify 
some water m a_ wide-necked bottle. For this purpose he 
held the bottle in one hand, after having placed in the 
bottle a metal rod connected to the machine. When he 
thought the water was sufficiently electrified, he tried to 

hlTf'Z k 1 without loosing his 

hold of the bottle with the other hand. He received a 

shock that surprised him. Muschenbroek repeated Cuneus’ 
experiment, but the shock that he received in his arms 
shoulders and chest was so great that he lost consciousness 
this 7 h^ fn&’itened that in writing to Reaumur about 
this then new discovery, he wrote that for nothing in the 
world, not even for the crown of France, would he go 

Zlrif physicists were lei 

fuel f ® experiment in all sorts of ways, and so 

a new piece of apparatus was added to electrical science. 

ns apparatus, called the Leyden jar, is named after the 
place where the experiment was first performed in 1746. 

only a form of electric condenser, the 
essential properties of which have already been explained 
in connection with MaxwelFs theory. 

It IS again to Franklin that science is indebted for an 

resides. Franklin constructed a Leyden jar having both 

SeTthem to removable. Having 

fitted them to the jar, he connected the inner coating with 

an electrical machine and the outer coating with the^earth 
and charged the jar in the usual manner. He then Soa- 
rated the metallic coatings and the jar, and examining each 
one for electrification, he found the metallic coatings prac- 

eleo^H^ proved to be highly 

electrified. Upon replacing the coatings in the jar^ he 

was able to obtain a bright spark, just a? tho the cSings 
had not been removed. This experiment clearly proved 
that the important part of such a Leyden jar or cLdenser 
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was ^ the glass or dielectric ' and that the function .of the 
conducting coatings was merely to spread the charge over 
the glass. Taking such a view, it will be readily seen that 
thejarger the jar, the greater is the quantity of electricity 
which ^ may be ^stored therein. Large jars are, however, 
often inconvenient to handle, so that a ‘battery* of such 
jars is used having their inner coatings all connected to- 
gether to form one large coating, and the outer ones simi- 
larly connected. Fig, 10 shows such a battery, the outer 
coatings being connected by the tinfoil lining of the box. 


Fig. 9 —Experiment op Cuneus: the Leyden Jar. 

^ From time to time it has been attempted to use for the 
dielectric materials other than glass, and thousands of 
condensers using parafiined paper are in use on modern 
telephone and telegraph circuits. Larger condensers are 
used on power circuits. None of these other materials is, 
however, as satisfactory as glass, being liable to be dis- 
rupted if the pressure of the charge is too great. The op- 
portunities for using condensers to advantage are rapidly 
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Cimeus, a pupil of Muschenbroek, a celebrated physicist 
of the eighteenth century, was one day trying to electrifv 

bottle. For this purpose he 
held the bottle m one hand, after having placed in the 
bottle a metal rod connected to the machine. When he 
thought the water was sufficiently electrified, he tried to 
remove the iron rod with one hand without loosin<. his 
hold of the bottle with the other hand. He received a 
shock that surprised him. Muschenbroek repeated Cuneus' 
experiment, but the shock that he received in his arms 
shoulders and chest was so great that he lost consciousness 

it! r" that in writing to Reaumur' about 

this then new discovery, he wrote that for nothino- in the 
world, not even for the crown of France, would he go 

felrM^ physicists were le^s 

tearful. Allaman, Lemoinnier, Winckler and the Abbe 
Nollet varied the experiment in all sorts of ways, and so 
a new piece of apparatus was added to electrical science 
This apparatus, called the Leyden jar, is named after the 
pl^e where the experiment was first performed in 1746 
the Leyden jar is only a form of electric condenser the 
essential properties of which have already been explained 
m connection with Maxwell’s theory. explained 

It is again to Franklin that science is indebted for an 
experiment which shows where the charge in sSh a jS 
resides Franklin constructed a Leyden %r having both 

internffi and external metallic coatings removable. Having 

fitted them to the jar, he connected the inner coating with 
an electrical machine and the outer coating with the^earth 
and charged the jar in the usual manner. He thS Sa- 
rated the metallic coatings and the jar, and e.xamining each 
c^ne or electrification, he found the metallic coatiT^c- 

Srffied tT ’ glass jar proved to be hfghly 

electrified. Upon replacing the coatings in the iar he 

S no? ^ bright spark, just as tho the coatings 

had not been removed. This experiment clearly proved 
that the important part of such a Leyden jar or conLnser 
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was the glass or dielectric and that the function of the 
conducting coatings was merely to spread the charge over 
the glass. Taking such a view, it will be readily seen that 
the larger the jar, the greater is the quantity of electricity 
which may be stored therein. Large jars are, however, 
often inconvenient to handle, so that a ^battery’ of such 
jars is used having their inner coatings all connected to- 
gether to form one large coating, and the outer ones slrai- 
laily connected. Fig. 10 shows such a battery, the outer 
coatings being connected by the tinfoil lining of the box* 


jHig. 9 — Experiment of Guneus: the Leyden Jar. 

From time to time it has been attempted to use for the 
dielectric materials other than glass, and thousands of 
condensers using paraffined paper are in use on modern 
telephone and telegraph circuits. Larger condensers are 
used on power circuits. None of these other materials is, 
however, as satisfactory as glass, being liable to be dis- 
rupted if the pressure of the charge is too great. The op- 
portunities for using condensers to advantage are rapidly 
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increasing at present and considerabl 
directed toward their development. TIk 
of such a condenser are that its dielectric ue c 

very htHK .'f-'eV'-a. it eh„„w 

eeaSege ,ho.,M be in the moM inti™,,;- contact’ with dte 


le en(''''C0' is heiug 
e desirable qualities 
;c should be capable, 

— vl S'tSLn/"l 

pressure without ^disruption, and that its 
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lecinc. ill some recent 
d,- the metal coatings 
'er upon the ‘ 


condensers, made i: 
are made by chemically 

The anyi.,vts surfaces of th. 

“ -;-.a.ts Who knew nothing of electrir 
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mght to sound with a very great crash.' Again, lie com- 
.pares thtinder, “the sound of which is very' sharp, even 
penetrating, to the noise made by the bursting of a bladder 
on a persools head.” Lucretius also explains C:.iiider by. 
the shaking of the clouds or' their tearing asunder. ' 

The identity of lightning with electricity was first shown 
•by' Benjamin Franklin in a paper published in '1749, two ' 
years before his experiments with .the storm clouds. ' At 
that epoch ^ he had just recognised the power of points. 
Two ingenious experiments in which this power was put 
into play ftirnisbed him with a new analogy and suggested 
to him to verify by the storm clouds the truth of his con- 
jectures. Having suspended by silk threads to the ceiling 
of his room a tube of gilt paper, 10 feet in length and a 
foot in diameter, Franklin charged it with electricity. 
Then, presenting to the tube, at the distance of a foot, the 
point of a needle, the tube was instantly discharged ; if, 
on the contrary, he presented to it a blunt body, an iron 
bolt or punch rounded at the end, he found it was neces- 
sary to put it within three inches before it could cause the 
discharge, which then, he said, took place with a sudden 
crackling. Suspending in the same way some great brass 
scales, the pans of which were supported by silk cords a 
foot from the floor, he electrified one of the pans. The 
twisting of the suspending cord caused the scales to turn ; 
he placed the iron punch underneath, below a point of the 
circumference described. When the pan which was elec- 
trified passed over it, it lowered itself, came in contact 
with it and thus discharged itself. But if the end of the 
punch was furnished with a needle, the 'point iipperniost, 
the pan passed above it without approaching, and the dis- 
charge took place silently, or if in its course the pan had 
come near enough for a spark to strike, it could not, be- 
cause it would have been discharged beforehand. 

“Now,” says Franklin, “ if the fire of electricity and 
that of lightning be the sam.e,. as I have endeavored to 
show at large in a former paper, this pasteboard tube and 
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these scales may represent electrified clouds. If a tube 
only 10 feet long will strike and discharge its fire on the 
punch at two or three inches distance, an electrified cloud 
of perhaps lo.ooo acres may strike and discharge on the 
earth at a proportionately greater distance. The horizon- 
tal motion of the scales over the floor may represent the 
motion of the clouds over the earth and the erect iron 
punch a hill or high building, and then we see how elec- 
trified c ouds passing over hills or high buildings at too 
great a height to strike may be attracted lower till within 
their striking distance. And lastly, if a needle fixed on the 
punch with Its point upright, or even on the floor below 
the punch, will draw the fire from the scale silently at a 
much greater than the striking distance, and so prevent 
fls descending toward the punch; or if in its course ? 
would have come nigh enough to strike, yet being deprived 

the strike * secured from 

;T say, if these things are so, may not the knowledge of 
this power of points be of use to mankind in preserving 
houses, churches, snips, etc., from the stroke of lightninf 
by directing us to fix on the highest parts of those edifices 
upright rods of iron made sharp as a needle, and gilt to 
preven rusting, and from the foot of those rods a wire 
down the outside of the building into the ground, or down 
round one of the shrouds of the ship, and down her sMe 
till It reaches the water? Would not these pointed rods 
probably draw the electrical fire silently out of a cloud 
before it came nigh enough to strike, and thereby secure 
US from that sudden and most terrible mischief?^’ 

f discovery of Franklin’s has been 

s only o"l reef destruction. It 

wledge of the action of lightning rods and of their 
proper design and application^ Herd’s experimental 
electrical oscillations and the proof that lightning dis- 
charges were also oscillatory in their character, efabled 
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us to gam a better understanding of how to handle these 
treniendous discharges. It is now known that lightning 
discharges have a frequency of oscillation of about qoo^ 

000 periods per second. , ' 

A recent and most beautiful application of condensers 
to the conduction of these lightning discharges to earth 
may not be out of place here. If a lightning discharge 
strikes an electric line in its course to earth it niay find it 
easier to pass back to the generator at the power station, 
jump through the insulation to the frame and then to the 
earth, than to leap over the insulators and down the pole 
to the earth ; the result being to destroy the generator. If, 
however, ^ condensers are connected at various points alono- 
the line, it^may be well to see wdiat should happen. ^ 

Every time that a condenser is charged and discharged 
a current flows through the wire leading to it, one way 
on charging, the other on discharging. If this succession 
of chaiges^ and discharges takes place slowly, only a small 
amount will flow into and out of the condenser, but if it 
takes place rapidly the current is proportionately increased 
without the pressure being any higher. Suppose such con- 
densers to be connected on a line in which the current has 
a frequency of 6o oscillations or cycles per second : a small 
current will then flow continually. This current is of such 
a character that it does not mean a waste of power — but 
this is too advanced to be here explained. If, however, a 
lightning discharge having a frequency of 500,000 per 
second strikes the line, it will pass readily to earth through 
the condensers instead of disrupting the insulation of the 
generators, the condensers being able to pass 
as much current as would be passed from the line. There 
is still much to be learned of electrical disturbances in the 
atmosphere and little is yet known of the causes producing 
them. It is a field of vast possibilities and one whose study 
may result in giving Man a partial control over atmos- 
pheric conditions. 
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FUNDAMENTAL DISCOVERIES 

ruERE are m all sciences some discoveries which seem 
lo open vast fields for exploration, and which appear su^ 
Jenly to increase the power of mankind. In electrical sci- 
ence the benefits conferred by the discoveries of Volta 
and Ga vani Davy, Aragfo, Ampere, Faraday, Seebeck 

Vilta'^ beginning to be realized’ 

ta and Galvani started the investigation of electric 
ourrents, and to-day the earth is full of applicat.onfd? 
them, eath one the servant of a human brain. Pach dav 
sees a new device based upon them, and each applJaln 
presents them m a new light, tvhich again leads tfanoS 
useim appliance of the principles involved. 

One hundred years ago men were not so well org-anized 
for scientific research as they are at present andTm, 
seem strange that such a simple discovery a!’ electronSg 
netic inauctmn should have taken so long to dev^STfS 
the piocuction of electric currents. It must be remem 
dthPv organization was loose, not bound 

united w mankind is, as it were 

united into one large concentrated brain. If a discovery 

IS made at tne present time the whole world knows of it 

Uo Srkfn of men stand ready to apply 

It to all kinds of industries; and many men can brin- their 

hat Sfdiscr f“®ediate aid of the discoverer, so 
of f qmckly perfected. All this power 

of self-improvement is owed, however, to those Lose 
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works .have, miitec! men so -closely.. - Scientific research 
ha's developed into a - business.. Large companies . have 
gathered tog*et,lier the best brains of the world, money an-d 
conveniences, are placed at their disposal, the needs of. 
iiidustry are prese.iited to .them and are quickly filled. The 
scientific brain is kept in , constant touch with -the wants 
of life, and there is at last accomplished that miio,n of 
the scientist and the man of the: world — the one with 
needs, the other \vith the means of fulfilling theiii-»-tIiat 
was lacking in the earlier days. ' 

There , a, re, in general, .two classes of scientists. One 
.is possessed, of a niatliematical mind, delighting in the 
abstract solution of a problem a.nd caring, not w.hether 
the result turns out one. way or another. He is concerned, 
rather with the . proof of the similarity of processes than 
.with. any, .difference of detail.'. To the man with the me- 
cliamca.l mind, howeve,r, the detection of differences is 
all-important. He . finds his pleasure -.in observing differ- 
.ences in phenomena by the process-'' of experiment, and 
"his whole idea, is to obtain a definite. -and useful result 
Both classes of men, are ' necessary. ■ Maxwell developed 
a beautiful niatliematical theory 'of great comprelieiisive- 
ness,^bnt the proofs waited for. the experimental dernon- 
.strations of Hertz.. The groundwork .of the science is, 
however, usually developed .through -that propert>' of so 
' few minds — ^the power of observation. . 

The discovery of , the, '.electric ■."current . was an event 
.Galvani, an eminent,- docto.r and professor of anatomy 
at the University -of ..Bo.Iogna,., was,:-. o'ne..' evening in the 
year- 1780, busy in.-, his .laboratory,'.' .with some friends, 
ma,king experiments relating to a nervous, fluid in animals. 
On a ..table, .where- .there was .-.an, electric machine used 
for the experiments, there had been placed by chance 
so.me,. recently . skinned: frogs, , intended'' to", make broth of. 
'‘One of; CjaivanFs ass,i^^^ Pt Sue. in his 'Histoire 

dll Galvanisme,' "casually put the point of his instrument 
near the internal crural nerves of one of the animals; 
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this curious fact, and he recoLJed tW 

th^LTiel: 

.sVo?.itL™££9^^^^ 

dectric duid iS iS? t j ,- “""f "“’ •■■' “PP““i 

for that J,.Lc u produced m machines, he had 

on the bakony of^aSLe S'h'" h°^ 
hind legs to Te irc^rof thf h'l "'t' 

s\sr."t 

These facts suggested to Galvani the idea that thA,-» 
voirs of this electricity ar^ lu ^ ‘ Principal reser- 

which may be considered as haviL^two'^swface^ ^^d*^ 

sessmg by that means the two efectricitS nnJ't ”'^ a 
nesrative each n-P ^ positive and 
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tors.” Hence the comparisons he makes between the mus- 
cular contractions in frogs and other animals and the 
commotions produced by the discharge of a Leyden jar. 

Alexander Volta, then Professor of Natural Philosophy 
at Pavia, repeated Galvani^s experiments, but he very 
soon modified his explanations. According to Volta, the 
electricity developed was of the same nature as that which 
an electric apparatus produces. It is the contact between 
dissimilar metals which gives place to the production of 
electricity, one of the metals being charged with a positive, 
the other with a negative electrification; these charges 
combine in traversing the middle conductor of muscles 
and nerves. Then arose between the two celebrated phi- 
losophers a discussion, a struggle, honorable to both, and, 
above all, profitable to science, which thereby became 
enriched by a multitude of new facts. The invention of 
the marvelous apparatus which received the name of the 
Voltaic pile at last caused the theory of the professor 
of Pavia to prevail, tho Galvani’s hypothesis on the ex- 
istence of a sort of animal electricity is now recognised 
as partly true. On the other hand, Volta’s ideas have been 
somewhat modified. 

The outcome of these contentions was the invention of 
Volta’s pile, first made in i8o0. Here, for the first time, 
was produced a means of generating a steady and con- 
tinuous flow of electric current. Volta’s construction was 
as follows: Disks of copper, zinc and flannel were cut 
out and arranged in a pile in the order, copper, flannel, 
zinc, and this order was successively repeated, the flannel 
being first dipped in sulphuric acid so that its funGtion 
was merely to connect the copper and zinc by the acid. 
This arrangement gave a feeble electromotive force be- 
tween the elements of each set, which increased when one 
connection was made at the lower end of the pile and the 
other was moved toward the top. Volta’s idea of the 
action of the pile was, however, not as it is known to-day. 
He believed that the source of the electromotive force was 
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pic had remarked the occurrence. of perturbations by'tlie, 
■c’ariner-’s compass ' on ships struck; by lightning, , or .when 
Irieir mast.$ presented the \phenonemon known by the name, 
of St..Elmok> fire, ■ It was known that discharges -of bat- 
teries of Leyden jars affected magnetic needles placed near 
the apparatus/’ But these facts only gave^ vague ideas 
on the jelation mentioned above. 

In 1820, the year after that in which Oersted made his 
discovery, Ampere studied and described the laws of this 
action, and showed besides that the currents themselves 
acted oil currents, and later Arago, Davy , and Sturgeon, 
discovered the magnetising of steel and soft iron under 
the influence of the current from a battery. The experi- 
ments of these men were so many points of departure for 
a multitude of new experiments which in a short time 
coinpletely changed the aspect of this part of the science 
by showing- that magnetism and electricity are different 
manifestations of the same cause. 

Oersted expressed his discovery by saying that a current 
acts ‘In a revolving manner” on a magnetic needle. He 
does not, however, seem to have understood that the elec- 
tric current carried about it a magnetic field, and that it 
was the mutual action of this field and of the magnetism 
ill the needle that produced the deflection. Oersted ex-' 
pressed the.. law of .the deflection as. follows : When an 
electric current acts on the magnetic needle, the north pole 
of the,,need,Ie is urged toward .the left of the current 
„ ...Ampere was the fi.rst to use -Oersted’s discovery to mras- 
.ure-.tlie ifite.osity of currents;-, but to Schweigger and to 
, Poggendor.f, working independently, is due the hdppy 
thought of multiplying the action of electricity on td/ 
magnetizing needle so as to detect the existence of tn; 
feeblest current This instrument, then termed the 11m ti - 
filler, is now called the galvanometer, and its importance 
as a factor in the further development of the science is 
seldom appreciated. From this developed the Thoniv-'n 
galvanometer, in which the needles were made ex- 
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tremcly small and light and having a mirror attached^ 
upon which a beam of light was thrown, and the re- 
flected beam was made to pass over a scale. The gal- 
vanometer was thereby furnished with a long weightless 
pointer, whereby the smallest motion of the needle was 
multiplied many times, and extremely small currents could 
be detected. 

In September, 1820, a little while after the discoveries of 
Oersted and Ampere, Arago made the following experi- 
ment: He plunged into a mass of iron filings a copper 
wire which was connected to the two poles of a battery; 
on drawing out the wire, without interrupting the current, 
he found it to be covered over its whole surface with 
particles of filings arranged transversely. As soon as the 
current was broken the iron particles became detached 
from the copper and fell down. To assure himself that 
this was really temporary magnetism, and not the attrac- 
tion of an electrified body for light bodies, he substituted 
for the iron filings a non-magnetic substance, such as cop- 
per dust or powdered glass, and found that the phenom- 
enon did not take place. On placing needles of soft iron, 
and then of tempered steel, very near the copper wire and 
across it, he saw that the action of the current trans- 
formed them into magnetic needles, having their south 
poles always to the left of the current, a result in con- 
formity with the earliest experiments of Oersted. Shortly 
afterward Arago and Ampere noticed that magnetism of 
iron or steel is developed much more energetically by plac- 
ing the needle inside a spiral coil of wire through which 
the current flows. This was the origin of the electro-mag- 
net which was later developed by Sturgeon and Henry. 

The discovery of the greatest value to electrical science 
was that made by Faraday in 1831. He reasoned that 
if magnetism could be produced by the action of the elec- 
tric current, the converse should also be true, and after 
some experimenting he was successful in demonstrating 
it An interesting account of his experiments is given 
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below, being an extract from Professor Tyndall’s ‘Faraday 

as a Discoverer' : 

‘*In 1831 we have Faraday at the climax of iiis intel- 
lectual strength, forty years of age, stored with knowl- 
edge and full of original power. Through reading,- lectur- 
ing and experimenting, he had become thoroly familiar 
with electrical science; he saw where light was needed 
and expansion possible. The phenomena of ordinary elec- 
tric induction belonged, as it were, to the alphabet of his 
knowledge: he knew that under ordinary circumstances 
the presence of an electrified body was sufficient to excite, 
by induction, an unelectrified body. He knew that the 
wire which carried an electric current was an electrified 
body, and still that all attempts had failed to make it ex- 
cite in other wires a state similar to its own. What was 
the reason of this failure? 

'‘Faraday never could work from the experiments of 
others, however clearly described. He knew well that 
from every experiment issues a kind of radiation, lumi- 
nous in different degrees to different minds, and he hardlv 
trusted himself to reason upon an experiment that he had 
not seen. In the autumn of 1831 he began to repeat the 
experiments with electric currents which, up to that time, 
had produced no positive result. And here, for the sake 
of younger inquirers, if not for the sake of us all, it is 
worth while to dwell for a moment on a power which 
Faraday possesed in an extraordinary degree. He united 
vast strength with perfect flexibility. His momentum was 
that of a river, which combines weight and directness with 
the ability to yield to the flexures of its bed. The intent- 
fiess of his vision in any direction did not apparently di- 
minish his power of perception in other directions; and 
wheh he attacked a subject, expecting results, he had the 
faculty of keeping his mind alert, so that results different 
from those which he expected should not escape him 
through preoccupation, 

“He began his experiments 'on the induction of electric 
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attractions and repnlsions of electric currents. Magnet- 
ism had been produced from electricity, and Faraday, who 
all his life long entertained a strong belief in such recip- 
rocal actions, now attempted to effect the evolution of 
electricity from magnetism. Round a welded iron ring he 
placed two distinct coils of covered wire, causing the coils 
to occupy opposite halves of the ring. Connecting the 
ends of one of the coils with a galvanometer, he found 
that the moment the ring was magnetized, by sending a 
current through the other coil, the galvanometer needle 
whirled round four or five times in succession. The ac- 
tion, as before, was that of a pulse, which vanished imme- 
diately. On interrupting the current, a whirl of the needle 
in the opposite direction occurred. It was only during the 
time of magnetization or demagnetization that these 
effects were produced. The induced currents declared a 
change of condition only, and they vanished the moment 
the act of magnetization or demagnetization was complete. 

The effects obtained with the welded ring were also ob- 
tained with straight bars of iron. Whether the bars were 
magnetized by the electric current, or were excited by the 
contact of permanent steel magnets, induced currents 
were always generated during the rise and during the sub- 
sidence of the magnetism. The use of iron was then 
abandoned, and the same effects were obtained by merely 
thrusting a permanent steel magnet into a coil of wire. A 
rush of electricity through the coil accompanied the in- 
sertion of the magnet; an equal rush in the opposite direc- 
tion accompanied its withdrawal. 

The precision with which Faraday describes these re- 
sults and the completeness with which he defined the 
boundaries of his facts are wonderful The magnet, for 
example, must not be passed quite through the coil, but 
only half through, for if passed wholly through the needle 
it is stopped as by a blow, and then he shows how this blow 
results from a reversal of the electric wave in the helix. 
He next operated with the powerful permanent magnet of 
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tlie Royal Society, and obtained with it, in an exalted de- 
gree, all the foregoing phenomena, and now he turned the 
light of these discoveries upon the darkest physical phe- 
nomenon of that day. 

Arago* had discovered in 1824 that a disk of non-mag- 
netic metal had the power of bringing a vibrating mag- ' | 

netic needle suspended over it rapidly to rest, and that on I 

causing the disk to rotate the magnetic needle rotated 
along vdth it. When both were quiescent, there v^as not 
the slightest measurable attraction or repulsiGn exerted 
between the needle and the disk; still, when in motion the 
disk was competent to drag after it not only a light 
needle, but a heavy magnet. The question had been probed 
and investigated with admirable skill by both Arago^ and 
Ampere, and Poisson had published a theoretic memoir on 
the subject; but no cause could be assigned for so extraor- 
dinary an action. It had also been examined in this coun- | 

try by two celebrated men, Mr. Babbage and Sir John n 

Herschel; but it still remained a mystery. Faraday always f 

recommended the suspension of judgment in cases of 

doubt. i 

have always admired,” he says, "‘the prudence and 
philosophical reserve shown by M. Arago in resisting the ■ 

temptations to give a theory of the effect he had discov- 
ered, so long as he could not devise one which was perfect I 

in its application, and in refusing to assent to the imper- | 

feet theories of others.” Now, however, the time for the- j 

ory had come. Faraday saw mentally the rotating disk, , 

under the operation of the magnet, flooded with his m- || 

duced currents, and from the known laws of interaction , 

between currents and magnets he hoped to deduce the 

motion observed by Arago. That hope he realized, show- 
ing by actual experiment that when his disk rotated cur- 
rents passed through it, their position and direction being 
such as must, in accordance with the established laws of 
electromagnetic action, produce the observed rotation. ^ 

Introducing the edge of his disic between the poles ox 
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CHAPTER IV 

ELECTRO-MAGNETIC MACHINERY 

As PREVIOUSLY related, the relations of electricity and I 

magnetism were established by the investigations of Oer- t 

sted, Ampere, Arago, Faraday, and others; but the one to j 

whom the most credit is due is Faraday. lie not only 
made discoveries of the greatest importance, but he fob | 

lowed up these discoveries with such true explanations of | 

their principles that these explanations have become the I 

basic laws of electro-magnetic induction, Faraday, how- 1 

ever, did not care to make practical use of his discoveries, | 

being sure that others would do so. What were some of 
these discoveries which have been of such great value to ^ 

succeeding generations? One of them was a modificatioii I 

of Arago's experiment in which- Faraday rotated a metallic I 

disk between the' poles of a magnet, and, by connecting, one | 

wire to the shaft of the disk and another in rubbing con- I 

tact with its rim, produced a steady deflection on the gal- | 

•vanometer. This was really the first;-electro-magnetic gen- | 

erator. Here Faraday produced' a . continuous current J 

without that drawback to direct current macliines of 
the ^present day— the commutator. ^ j 

It has from time to time been attempted to build ma- !, 

chines based on Faraday's 'experiment, but the voltage 
generated was not sufficient for practical purposes. Re- 
cently, however, owing to the introduction of the steam 
turbine with its high speed, generators have been built or 
large powers and voltages of 600 or more which are basea 

189 ; 


190 


ELECTRICITY 


on tills principle. In this experiment o£ Faraday^s, then, 
was the beginning of the modern electric generator with 
its almost unlimited power of changing mechanical into 
electrical energy or vice versa. Faraday did not at first 
use an electro-magnet, but in his first public demonstra- 
tions used a very powerful permanent magnet Faraday 
made many other experiments in the induction of cur- 
rents, culminating in the production of an apparatus 
known as Faraday's ring, the ancestor of the modern al- 
ternating current transformer. 

*TIie first development of Faraday's discovery," says 
Henry Morton in his ‘Electric Lighting,' “was made by 
Pixii, of Paris, who in 1832 constructed an apparatus in 
which a large steel magnet was rotated so that its poles 
continuously and successively swept past those of an elec- 
tro-magnet, or U-shaped bar of soft iron whose ends were 
surrounded with coils of copper wire. This motion gen- 
erated in the copper wire rapidly alternating electric cur- 
rents, which were ^commuted' or made to pass out of the 
machine in a constant direction by a simple ‘commutator' 
on the axis of the revolving magnet, which shifted the 
connections each time the direction of the current was 
changed. 

‘Tn the machine of Pixii, near the top, are seen the cop- 
per-wire coils wound on cores of soft iron, like thread on 
a spool. Immediately below these is the permanent mag- 
net, of a U shape and so supported that it can be rapidly 
rotated about a vertical axis midway between its poles, so 
that each pole is caused to approach, pass and recede from 
in succession each of the iron cores of the coils. Im- 
mediately below the bend of the U-magiiet are the com- 
mutator segments, pressed upon by the contact brushes, 
and below these again is the gearing by which the 
magnet is made to rotate. Machines operating on the 
same principle, but varying in construction (as, for exam- 
ple, by rotating the electro-magnet or coils of copper wire 
while the steel permanent magnet remained stationary), 
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were brought out by Saxton, of Phiiadelphia, in 1833 ; by 
Clark of London, in 1834; and by Page, of Washington, in 
1835. None of these machines, howeyer, was of snii- 
oient size to be available for the production of a practical 
electric light, altho they all exhibited a capacity for this 
effect on a minute scale. . 

‘‘The first magneto-electric machine of a magnituae 
sufScient to operate a practical electric lamp was that pro- 


Kg. II — PixiT^s Magne- 
to-electric Machine, 
1832. 


Fig. 12 -—An Alliance Dynamo 
Used in the Soulh Foreland 
Lighthouse, 1858. 


'need by the united labors of M. Nollet, Professor of 
>hysics at the Military School of Brussels, and his assist- 
nt constructor, Joseph van Malderen, under the auspices 
>f a corporation composed of French and English capi- 
alists and known as the ‘Alliance Company. Strange to 
ay this machine was built with the absurd object of 
ising it to decompose water and employ the resulting gases 

n the production of light.” _ 

This machine, with some modifications by Mr. Holnies, 
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himself, introduced into two of the English lighthouses 
at South F'oreland and at Dungeness. Its preliminary 
trial was made in 1857. The electric light was first thrown 
over the sea from the South Foreland on the evening of 
December 8, 1858, and from Dungeness on the 6th of 
June, 1862. Fig. 12 shows in outline one of the Alli- 
ance machines, as modified by Mr. Holmes, which was 
long since put in operation at the South Foreland light- 
house. The outer framework supports twenty-four com- 
pound steel permanent magnets, and a drum inside car- 
ries thirty-two armatures or spools of copper wire wound 
on iron cores. As these pass from pole to pole between 
the magnets currents are developed which are carried off 
by commutators on the farther end of the shaft, not 
shown. 

The electric light was not introduced into the French 
Jighthopes until December 26, 1863, when it was installed 
at La Heve, near Havre. It was also used for lighting 
works of construction, such as the Cherbourg Docks and 
p some vessels, for example, on the Lafayette and the 
Jerome Napoleon. Altho Faraday lived to see the little 
spark wlph he had developed from a magnet and coil of 
wire m his laboratory grow into these magnificent illu- 
miptors of sea and land, it was not until after many years 
and numerous new developments that the electric light 
approached the commercial utility which it to-day nos- 
s^sses. These Alliance machines, on account of their 
great size and multitude of parts, were very expensive 
Lhus the two machines placed in the Dungeness light- 
house,^ with their engines, appliances, and lamps or “regu- 

^^4.000. The two located at 
iiouter Point m like manner cost £7,000, or about $35,000, 
and the machines and accessories for the two lights at 
South Foreland cost £8,500, or about $42,500. The same 
characteristics caused them to be liable to accident and 
injury and costly in repairs. The world therefore waited 
for some further development before it could enjoy gen- 
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erally the advantages of electricity as a means of iilnmitia' 

,tioa '-I 

The first of these came when Dr. Werner Siemens, of 
Berlin, constructed a machine in which the revolving coll 
or . armature , was made of the form shown in Fig. 13, 
and was entirely enclosed between the ends of the .per- 
naanent magnets. To construct this armature a tong, solid 
cylinder of soft iron is taken, and two deep grooves are 
cut on opposite sides through its entire length, so that itS' 
cross-section is such as appears at F in the accompanying 
figure. Insulated copper wire is then wound lengthwise 
in these grooves, its ends being united to tlie section x, y 
of the coiTimutator. Journals on which this armature ro- 
tates are provided at either end, and at one end also a pul- 
ley by which it may be driven by a belt. 

This armature secured a great concentration of action 
by bringing the revolving armature into a highly concen- 
trated field of magnetic force and allowing it to have a 
very rapid angular velocity of rotation. But the chief 
value of this improvement consisted in its serving as a 
step toward another, which -was most remarkable in its re- 
sults and excited the liveliest interest all over the world 
when it was announced. 

This next step was taken by Wilde, of Manchester. He 
took a small raagiieto-electric machine, such as had been 
constructed by Siemens, and carried the current from its 
commutator to the coils of very large electro-magnets, 
which constituted the field magnets of a similar machine, 
which, however, differed from the other, or Siemens ma- 
chine, both in size and in having its field constructed of 
electro-magnets in place of permanent magnets. Fig. 

14 shows such a combination, in which the first or small 
niagneto-electric machine is mounted on the top of the 
other, and sends the current from its commutator through 
the coils of the electro-magnet below, between whose ex- 
panded poles another Siemens armature is made to re- 
volve. Under these circumstances the current developed 
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in the armature of the upper machine by its permanent 
steel magnets will develop a more than tenfold greater 
magnetic force in the poles of the electro-magnet of the 
lower machine; and the second armature, rotating in this 
powerful magnetic field betwen the poles of this large 
electro-magnet, will develop a more than tenfold greater 
current than that of the smaller machine. This method of 
multiplying or creating magnetic force was a wonderful 


Fig. 13 — Siemens^ Shut- 
tle Armature. 


Fig. 14 —The Wilhe Dynamo. 


discovery, and, combined with the use of electro-magnets 
in place of permanent magnets for the production of the 
nmgnetic field, gave an important increase in power and 
emciency to the machine ; for as compared with perma- 
nent magnets the power of electro-magnets is vastly 
greater* 

This advance, made by Wilde on April 13, 1866, was 
quickly followed by another, made almost simultaneously 
m Europe by Varley, Siemens, and Wheatstone, and near- 
ly a year earlier in this country by Mr. M. G. Farmer, 
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„ whose work ifi another' departme'iit of electric lighting is 
to be; treated in more detail farther on. This develop- 
ment may be indicated by the term ‘*self-exci£ing/* and 
consisted, in the discovery ■ that if the commutator is so 
connected with the coils constituting the field magnets that 
all or a part of the current developed in the armature will 
flow through these coils, then all permanent magnets may 
be dispensed with, and the machine will excite itself or 
charge its own field magnets without the aid of any charg- 
ing or feeding machine. 

There is in all iron, unless special means have been taken 
to remove it, a little magnetic force. This small magnetic 
force, called ^‘'residual magnetism/' in the iron cores of 
the field magnets will produce a little current in the ar- 
mature when it is revolved. This current flowing through 
the coils of the field magnets will increase their magnetic 
force, and thus cause them to develop more current in the 
armature, which in turn, flowing through the coils of the 
field magnets, will further increase their magnetic force, 
and so on until maximum, determined by the structural 
conditions of the machine and the amount of driving force 
applied to the pulley of the armature, is reached. In prac- 
tice such machines are each complete within themselves. 
When started they develop for a few moments only very 
feeble currents; but within a few seconds they ‘‘wake up’' 
by degrees, and reach their maximum in less time than 
it takes to read this paragraph. 

One other radical improvement in dynamo-electric ma- 
chines remains to be recorded, namely, that due to the 
French inventor Gramme, The essence of this lay in the 
structure of the armature. While previous to Gramme all 
armatures had been constructed either like spools of cotton 
or like balls of yarn wound on blocks, he made his arma- 
ture by starting with an iron ring (itself consisting of a 
coil of soft iron wire), and winding the copper wire on 
this by passing the end of the wire again and again 
through the ring. A Gramme armature ring, cut and bent 



om partly, and with some of its copper coils removed is 

shown in Fig. 15. The cut ends of the iron wires con- 
stituting the ring-core are shown at A, and B shows a por- 
tion of the copper-wire coils wound around this ring-core. 
The copper wire is continuous throughout as regards its 
electric connection, but at frequent intervals a loop ol this 


Fig- IS Section of a Gramme Ring Aematuee. 

wire is carried out and attached to a segment of the com- 
mutator. 

This armature being rotated in a magnetic field— i.^. 
between the poles of powerful field magnets— tends tc 
deliver a substantially continuous current to “brushes" 
touching the commutator Segments at points midway be- 



ELECTRO-MAGNETIC MACHINERY 


197 


Gramme . armature \vas made of iron wires, and not of a 
■ solid piece or ring of iron. The object of this was to pre- 
. vent the formation of electric currents in this ring-core 
itself, commonly .called .Foucault currents, which would .be 
a cause: of, inconvenience by heating the armature and of 
loss by wasting energy in the useless production of this 
heat. The Siemens armature had no such provision, and 
accordingly very serious difficulties were experienced in 
the running of machines using such armatures by reason 
of the intense heat there produced. Arrangements were 
in fact made in many machines to relieve fhis symptom by 
running cold water through the armature, made hollow 
for that end ; but this did not cure the disease or prevent 
the loss of efticiency caused by the conversion of the driv- 
ing energy into useless heat in place of useful current. 
The desirable end was, however, soon secured by “lami- 
nating the armature core’— that is, making it up out of a 
great number of thin sheets of iron insulated from each 
other and held together by one or more bolts. The merit 
of this invention appears to have ben assigned by the 
United States Patent Office to Edward Weston, September 
22,1882. 

A Weston generator of about 1890 is shown in Fig. 16. 
In comparing this with a modern machine, the most 
marked feature is the large and heavy field magnet. Edi- 
son’s first generators, of which some are still in opera- 
tion, also contain these tremendous field magnets. These 
large field magnets were made necessary because the idea 
of embedding the wires in the armature in slots had not 
yet been originated. ' The fields were therefore made 
powerful in order to force the requisite magnetic flux 
across the large air gap into the armature. 

By the later improvement of embedding the wires in 
slots in the armature, the air gap was much reduced and 
the fields made proportionately lighter. This decreased 
very considerably both the weight and cost of the machine. 

A change in the design of direct current generators o"f 
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considerable importance was occasioned by the desirability 
of connecting them to slow-speed engines of the Corliss 
type — engines of low steam consumption. To accomplish 
this many poles were arranged in a circular yoke, and 
these were called “multipolar"’ generators. Upon the in- 
troduction of the high-speed steam turbines, however, the 
number of poles was again decreased to two, four, or six, 


Fig. i6 — Weston Dynamo of 1890. 
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whicfi caused so much effort^ to be- spent on the develop- 
ment of direct current apparatus. Direct currents could 
be transmitted with less loss of voltage in the line and 
direct current motors were quite well developed before 
1890. , These two very important facts ' caused the direct 
current to reign supreme. In the latter part of the 8o’s, 
however, its overthrow began, and ever since it has 
gradually been declining before the advance of its more 
flexible rival— the alternating current At that time Ni- 
kola Tesla took out patents covering the principles of the 
induction motor— a motor which, on account of its me- 
chanicai simplicity, rapidly found favor, altho inferior 
to the direct current motor in many respects. The funda- 
mental principle of these motors lies in the production of 
a rotating magnetic field, which field drags along with it, 
at a somewhat slower speed, a cylindrical armature called 
the rotor. 

An idea of how a rotating field is produced by the action 
of polyphase currents is given in Professor S. P. Thomp- 
son's ^Elementary Lessons in Electricity and Magnetism.' 
‘It is obviously possible," he says, “by placing on the ar- 
mature of an alternator two separate sets of coils, one a 
little ahead of the other, to obtain two alternate currents 
of equal frequency and strength, but differing in phase by 
any desired degree. Gramme, indeed, constructed alter- 
nators with two and with three separate circuits in 1878. 
If two equal alternate currents, differing in phase by one- 
quarter of a period, are properly combined, they can be 
made to produce a rotatory magnetic field. And in such a 
rotatory field conductors can be set rotating, as was first 
suggested by Baily in 1879. 

“Consider an ordinary Gramme ring (Fig. 17) wound 
with a continuous winding. If a single alternating current 
were introduced at the points A A' it would set up an oscil- 
latory magnetic field, a N pole growing at A, and a S pole 
at A', then dying away and reversing in direction. Simi- 
larly, if another alternate current were Introduced at B B' 
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it would produce another oscillatory magnetic field in the 
B B' diameter. If both these currents are set to work but 
timed so that the B B' current is period behind the A A" 
current, they will then combine to produce a rotatory mag- 
netic field, tho the coil itself stands still. This is quite 
analogous to the well-known way in which a rotatory mo- 
tion, without any dead points, can be produced from two 
oscillatory motions by using two cranks at right angles to 
one another, the impulses being given % period one after 
the other. The above combination is called a diphase 


Fig. 

Fig. 



17 — Connections for Producing a Rotating Field 
Two-phase Currents. 


18 — Connections for Producing a Rotating Field 
Three-phase Currents. 
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From 


system of currents. If the B B' current is 34 period later 
than the A A' current the rotation will be right-handed. 

“Another way of generating a rotatory field is by a tri- 
phase system (or so-called 'dreh-strom') of currents. Let 
3 alternate currents, differing from one another by Vs 
period (or 120°), be led into the ring at the points ABC 
The current flows in first at A (and out by B and C), then 
at B (flowing out by C and A), then at C (out by A and 
B), again producing a revolving magnetic field. This is 
analogous to a 3-crank engine, with the cranks set at 120° 
apart/' 

One of the important features of these motors is their 
successful operation at high voltage — 11,000 or more. An- 
other feature is their mechanical simplicity, there being 
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nO' commutator, ritigs, brushes or other parts to collect , 
dirt, and thus interfere with the operation of the machine. 
As previously stated, alternators are usually wound to 
generate, two or three, phase currents, altho they may be 
built for other phases. In the last few years, however, 
the three-phase generator has practically controlled the 
field on account of the wide use of three-phase currents. 
Historically the generators have developed in the order 
of single, two, and three phase. 

The first generators to come into commercial use were 
single-phase — Le., had a single wunding in the arinatufe. 
A notable instance of the use of these generators was the 
first plant of the Telluride Power Company in Colorado, 
where a single-phase generator was connected to a water 
wheel and the electrical energy developed again converted 
into mechanical energy by an exactly similar machine used 
as a motor. When an alternating current generator is 
used as a motor it is called a synchronous motor, for the 
reason that its speed must be absolutely synchronous with 
that of the generator. Alternating current generators are 
thus reversible in their action, just as are direct current 
generators. They are not, however, usually self-starting, 
but require auxiliary motors to bring them up to speed. 

After the development of the induction motor — it being 
necessary to have polyphase currents for the production of 
the rotating magnetic field — two-phase generators came 
into use. Probably the largest of these are located in the 
first and second Niagara Falls power houses, where there 
are twenty-one, each one being of 3,750 kilow’atts or 5,000 
horse-power capacity. In transmitting this power to 
Buffalo, it is first changed to three-phase by a simple con- 
nection of transformers-— known as Scott's connection — 
because 25 per cent, of copper is saved thereby. In the 
more recently constructed generators three-phase windings 
are almost exclusively used, principally because of the 
advantage of three-phase transmission. It is a notable 
fact, however, that these generators were used in the 
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Frankfort-Lauffen transmission of 1891 in Germany^ 
transmission being effected, then as now, by three wires. 
These alternators are now bnilt in sizes as large as 7,500 
and 10,000 kilowatts, or 10,000 and 13,300 horse-power. 

In 1893 the rotary converter was brought out This 
machine is the connecting link between alternating and 
direct currents, usually serving to convert alternating into 
direct current, altho it may be used in the reverse way. In 
construction it is similar to a direct current generator, 
with the addition of collecting rings for the introduction 
of the alternating current. Many of the converters now 
in use are six-phase, the change from three to six phase 
being accomplished by the transformers used to reduce the 
voltage. These machines serve to connect the superior 
qualities of the alternating current for transmission piu- 
poses with the more perfect ones of the direct current 
motor for traction purposes. On account of the degree of 
perfection which has been attained recently with the al- 
ternating current motor, it would seem that the days of the 
rotary converters are numbered. 

The induction coil and the alternating current trans- 
former are founded on the same principles, but differ 
somewhat in the purposes to which they are applied. Each 
depends upon the fact that if the magnetic flux passing 
through a coil is changed in value, an electromotive-force 
will be set up in the coil which will be proportional to the 
rapidity of that change. There are several ways of pro- 
ducing the flux through the coil. One is by the introduc- 
tion of a magnet into the coil, in which case the magnetic 
flux may be caused to change by moving the magnet in and 
out of the coil, there being established an electromotive- 
force in one direction upon its introduction, and in the 
reverse direction upon its withdrawal. Another method 
is to cause the flux created by another coil to pass through 
the first one and to vary this flux by changing the current 
m the second coil. The coil causing the flux is called the 
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primary, and that in which the electromotive- forces are 
set up, the secondary coil. ' 

The best way of making the. flux set up by the primary, 
coil pass through the secondary coil is to wind the two^ 
coils on the same core. It will here be evident that an 
electromotive-force will be induced, not only in the sec- 
ondary coil, but in the primary as well, since each turn of 
wire surrounding the changing magnetic flux is equally 
affected. This electromotive-force is called the electro- 
motive-force of self-induction, and acts in such a way as 
to retard the establishment of a current in a coil, and to 
maintain it when it is attempted to stop it. In other 
words, it causes the circuit to act as tho it possessed in- 
ertia. From these statements it would appear, then, that 
the higher the electromotive-force wdiich it is desired to 
set up, the more rapidly must the magnetic flux be changed 
and the greater must be its value. A flux withdrawn from 
a coil infinitely fast would produce an infinitely liigli elec- 
tromotive-force, but this is no more possible than it is to 
stop a heavy fly-wheel instantly. Having now in mind 
what is desired in an induction coil, let us see how the 
various methods for producing these results gradually 
developed. 

The credit for all discoveries in electromagnetic induc- 
tion is usually given to Faraday. One should not, how- 
ever, in this connection forget Professor Flenry, whose 
discoveries were made without a knowledge of haraday’s 
works, and but a few months after them. Faraday dis- 
covered the effect of one coil upon another, but Flenry 
was the first to discover the electromotive-force of self- 
induction, and published his discovery in 1832. In his first 
experiraents Henry used copper tape or ribbon wound in 
the form of a spiral, and, upon passing a current through 
this spiral and suddenly interrupting it, he obtained a 
bright spark, and if the two ends of the coil were touched 
by the hands at the instant of break, a shock was felt 
When the current was alternately made and interrupted 
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by nibbing one of the wires over a rough metal plate, 
vivid sparks were obtained* In 1836 the Rev. N. J. Cal- 
lan, of Maynooth College, constructed an electromagnet 
with two separate insulated wires, one thick and the other 
thin, wound on the iron core together. The thick wire 
was copper, and through this the current was passed. The 
thin wire was iron, having one end attached to the thick 
winding. Upon making and breaking the current, he ob- 
tained severe shocks from the iron wire circuit. Later 
he extended his experiments by constructing a larger ap- 
paratus of sufficient power to kill small animals. 

In 1837, Sturgeon, the inventor of the electromagnet, 
constructed a coil on Callan’s plan, but of a shape re- 
sembling the wooden coil. He applied to his coils a 
make-and-break arrangement, consisting of a wire dipping 
in a mercury cup in one case and of a notched zinc disk in 
the other. He made experiments with solid iron cores, 
and noticed that when the interruptions of the current be- 
came too rapid, the effect was much diminished. He 
draws attention to the fact that G. H. Bachhoffner had 
tried a divided iron core and had observed that a bundle 
of fine iron wires used as a core gave far better shocks 
than when a solid iron bar was employed. Sturgeon there- 
fore made use of the iron wire core in constructing his 
coils, one of which was exhibited to the London Electrical 
Society in August, 1837. 

The next advance was made by Callan in September, 
1837, when he constructed two coils, each with its pri- 
mary and secondary windings separate. These coils he 
connected together with their primaries in parallel and 
their secondaries in series, so that the secondary electro- 
motive-forces added together. He surmises that if a hun- 
dred such induction coils could be aranged with their 
secondaries in series and their primaries in parallel, it 
would be possible to have a shock equal to 100,000 or 200,- 
000 single cells. 

In 1838, Professor Page, of Washington, constructed a 
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coil closely resembling modern coils. The two windings 
w^ere entirely separate and he used the iron wire core* In 
addition he made a \"ery important improvement. It haS; 
been seen that the value of the electromotive-force de- 
pends upon the suddenness of the collapse of the magnetic 
flux. Page noticed that the spark produced in his mer- 


■Stltrgeon^s Induction Coil 


cury contact breaker was quite prolonged, so that the cur- 
rent producing the flux in, the’ core was^ not stopped as sud- 
denly as it should be, and he conceived the idea of. cover- 
ing the mercury with oil or alcohol in order to suppress the 
spark, and this proved a valuable addition. This device 
was revived many years after by other inventors, par- 
ticularly by Foucault, Page was the first to notice that 
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when a metallk sheath or tube is interposed between the 
primary and secondary circuits, it more or less annuls 
the action. Between 1838 and 1850 Page made many in- 
duction coils. With one of his coils he found he could 
obtain sparks inch long in air. He also noticed the 
effect of rarefying the air ttpon the length of the dis- 
charge. With a coil giving only Vio-inch sparks in air, 
he obtained a discharge of about 454 inches in rarefied air. 
In 1850 he constructed a very large coil, from which he 
obtained sparks 8 inches long with a battery of 100 Grove 
cells. 

It is to Ruhmkorff, a skilful mechanician of Paris, that 
modern electricians are indebted for many of the me- 
chanical improvements in coil construction, and for the 
addition of the condenser which is used to suppress the 
spark at the break of the primary circuit, thus performing 
the same function as the oil on the mercury in Page's in- 
terrupter. So many of these coils were constructed by 
Ruhmkorff that this type of coil is commonly called by his 
name. One of the largest of these coils was made by him 
in 1867, the secondary containing 62 miles of wire. This 
coil could give sparks 16 inches in length. In its con- 
struction Ruhmkorff employed a method of winding the 
secondary so that no two neighboring parts should be at 
a very different potential. He had before been troubled 
with internal sparking of the secondary. Instead of wind- 
ing^ the wire in layers, he wound it in small flat sections 
which were placed side by side on the core and connected 
in series. This method of winding was also employed by 
E. I. Ritchie, of Boston, who constructed a large coil 
in i860 capable of producing sparks of 21 inches with only 
three bichromate cells. One of the largest of this type of 
•coil ever built was constructed by A. Apps in 1876, 
and is known as the Spottiswoode coil. The secondary of 
this coil contained no less than 280 miles of wire in 341,- 
■850 turns, and produced sparks 42 inches in length. 

The evolution of the alternating current transformer 
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from tlie induction coil was 'but a- short' step. The first 
intimation of it came in 1856, when C.. F. Varley, of Lon- 
don, took out patents on an induction coil in which the 
iron wire core was extended and folded back on itself out- 
side the coil, so that the ends overlapped and completed the 
magnetic circuit. J, B. Fuller, of New York, seems, how** 





Fig. 20 — ^Varley’s Induction Coil (1856), With CLOSED-ciRCtriT 
Divided Iron Core. 

ever, to have been the first to recognise the value of the 
transformer as early as 1879, but his death caused the 
failure of his plans. A number of other inventors at- 
tempted to adapt the induction coil to the operation of 
lights, but they ail worked with the idea of connecting the 
primaries in series, but the loading of each secondary was 
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found to affect all the others, and the plan was not suc- 
cessful. The last experiment with this series arrangement 
of primaries was made in 1883 on the Metropolitan Rail- 
way in England. A Siemens alternator was put down at 
the Edgeware Road Station, and a high-pressure alternat- 
ing current was led through the primary circuits of a 
series of secondary generators which reduced the pres- 
sure. The high-pressure current was transmitted through 
the primary coils of secondary generators. The length 
of the primary circuit was 16 miles and the primary coils 
of the secondary generators were placed in series upon it. 
Incandescent and arc lamps were worked at these various 
stations. The impossibility of independent regulation pre- 
vented the system from being a success. 

The advantages of operating the transformer primaries 
in parallel from the same mains were first pointed out by 
Rankin Kennedy in 1883, but were not appreciated and 
acted upon until they were again brought forward in 1885 
by Messrs. Ziperowsky, Deri and Blathy, of Budapest. 

In August, 1885, the investigations of these gentlemen 
were made known in a series of technical papers, and in 
which the reasons for adopting the parallel mode of ar- 
ranging induction coils were given fully, as well as de- 
scriptions of transformers suitable for this method of 
working. In the summer of 1885 the Inventions Exhibi- 
tion^was held at South Kensington, and part of the exhibit 
of tne Edison and Swan United Electric Company con- 
sisted of a pair of 10 hp. Ziperowsky-Deri transform- 
ers working in parallel between a pair of high-pressure 
leads, and reducing the pressure from 1,000 to 100 volts. 
The current for these transformers was supplied by a self- 
exciting alternator, and the primary current was conveyed 
by a pair of No. 10 B. W. G. insulated copper wires a 
distance of 800 yards to the place where the transformers 
were placed. The system was set in operation in London 
in July, 1885 The transformers were cipsed magnetic 
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circuit transformers and the lamps were arranged on the; , 
secondary circuit in parallel. 

^Tliis .was the first occasion/’ says J. A. Fleming .in liis 
'Alternate Current Transformer/ ''on which transfomiers 
with their primary circuits arranged in mains were ex- 
hibited operating incandescent lamps arranged in parallel 
on their .secondary circuits. This small installation was 
worked throughout the summer and autumn of 188,5 with- 
perfect success. From and after date the system, of 
parallel working was universally adopted.” 

Transformers may be divided into four classes, de- 
pending on the disposition of the iron core. These are; 

(1) Transformers wdth open or incomplete iron mag- 
netic circuits. 

( 2 ) Transformers with closed or complete iron mag- 
netic circuits. 

(3) Transformers with an iron core. 

(4) Transformers surrounded by an iron shell. 

The first type w^as soon found to produce poor results, 

altho good for the induction coil, and closed magnetic 
circuits were used. 

There are two common types of transformers, viz., con- 
stant potential and constant current. The first are used 
in such work as incandescent lighting, operating motors, 
etc., in which the voltage must be held constant The 
second are employed to supply arc lamp circuits in which 
it is necessary to keep the current constant but vary the 
voltage to suit the number of lamps. Both transformers 
may operate from the same constant potential mains. In 
the constant potential transformer both primary and sec- 
ondary windings remain fixed and the windings are inter- 
laced as much as possible, so that all the magnetic flux 
created by the primary winding must also pass through 
the secondary winding. In the constant current trans- 
former, however, this magnetic leakage is utilized to pre- 
vent the increase of the secondary current The fact that 
the secondary and primary currents in a transformer are 
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opposite in direction and cause a repulsion' between ■ the ■ 
two coils is here utilized to bring about this result. The 
secondary coil is movable and its weight is nearly bal- 
anced. Any attempt of the current to increase creates a 
greater repulsive force between the windings, and the sec- 
ondary moves away from the primary so that less flux 
from the primary passes through the secondary and the 
voltage of the latter is reduced. Such transformers are 
now made which produce an almost constant current in arc 
lighting circuits. Since 1885 transformers have gradually 
developed in size, efflciency, regulation of voltage, and 
ability to withstand high voltage. Transformers of 3,000 
kilowatts capacity are now quite common. The voltage 
regulation is almost one per cent. — i.e,, the fall in voltage 
from no load to full load is only one per cent Operation 
is successfully carried on at 110,000 volts. 

What were some of the details which had to be devel- 
oped to produce these large transformers? One of the 
first things done was to immerse Ihem in oil. The first 
transformers were exposed to the air, from which the 
coils absorbed moisture, thus causing them to break down 
easily. The oil prevented this absorption, and also acted 
to insulate the windings, as it is very much harder for a 
spark to pass through oil than through air. In the very 
high voltage transformers the oil is exposed to a vacuum, 
and the jast trace of moisture in it is extracted. 

As the size of the transformer increased, greater dijffi- 
culty was found in keeping it cool, for altho a large 
transformer is more efficient than a small one, yet the ac- 
tual loss increases with the size, but without a correspond- 
ing change in bulk. For example, take the case of a 3 000- 
kilowatt transformer. Altho the loss is only about 'two 
per cent, this means an actual loss of 60 kilowatts, or as 
much heat as would be developed by 1,000 incandescent 
lamps of 16 candle power. To get rid of this heat, cold 
water is circulated in pipes through the oil or air is forced 
over the transformer. 
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CHAPTER V 

THE DEVELOPMENT OF POWER TRANSMISSION 

The location o£ a convenient spot for the economical 
generation of electric power usually does not coincide with 
the center of its consumption, so that the connection of 
these two points presents a problem which has consumed 
the energies of many engineers. Among the natural 
available sources of energy to-day which are most promi- 
nent are coal and liquid fuels and the fall of water. Coal 
and the liquid fuels can, without much expense, be brought 
to many industrial centers, and the power plant is then 
erected at these points. In many cases, however, as in 
the western part of this country, the cost of cartage is 
prohibitive. On the other hand, water powers are abun- 
dant, but are not usually found at points where manu- 
facturing may with profit be carried on. 

The power available in such waterfalls, and which has 
been wasted for centuries, is at last being utilized through 
the medium of electrical transmission and has become an 
immense addition to the sources of energy. With the 
enormous amounts of power now required, the natural re- 
sources of fuel are fast becoming exhausted, and America 
would soon be left without the means of carrying on 
civilization had not methods of distributing the inexhaus- 
tible supply of energy in waterfalls been developed. The 
Importance of the work which has been done and is still 
being done by those engaged in the design of these power 
lines is appreciated by few. 
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‘Some of the essential parts of such a system of power 
dis ribution need consideration. The power-house must 
be located on a stream which has at all times a sufficient 
«ow to operate the generators at their full capacity. Fail- 
ing m this, an artificial lake or storage reservoir may be 
constructed so that the maximum and minimum flows may 
be more nearly equalized. In order that the power may 
be economically transmitted, the voltage of the line must 
be high, and the higher the better. The loss in the line 
vanes as the square of the voltage, so that with the same 
line loss the power may be transmitted four times as far 
by doubling the voltage. It will therefore be seen that 
the voltage is one of the important factors in determining 
how far power shall be transmitted. There is a limit to 
the voltage which a generator may develop on account of 
its manner of construction, and at present this seems to be 
about 13 000 volts, altho machines of higher voltage have 
been bui t. The next important factor is the transformer 
and in the perfecting of this piece of apparatus a great 
deal of attention has been centered. By its means, the 
voltage may be raised to almost any degree with a very 
slight loss in power, the limit being the "ability of its in- 
sulating materials to resist breakdown. In the last fifteen 
years the advance in the art of constructing transformers 
has been such that they may now be built with the same 
assurance for 100,000 volts as they were then for 3,000 
volts, there is, moreover, prospect of their successful 

operation at 500,000 volts. 

Why then are lines not yet operating at 500,000 volts? 
JMow_ comes the weakest spot of the system, viz., the in- 
sulation of the line. The development of insulating ma- 
terials has not been able to keep pace with that of the 
means for producing high voltages, altho it has been rapid, 
nsulators for^ carrying the lines have increased in size 
and cost until they have assumed great importance. 
Wooden poles have been replaced by steel towers, and 
rights of way have been granted through which the lines 
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may pass. They are regularly patrolled by^men whose 
business it is to report to the power' -station immediately 
any de'fects observed. 

Operation of these lines, in actual practice has not been, 
as difficult as laboratory experiments tended to prove.. 
There h.as been less leakage from the line than was ex- 
pected and also fewer breakdowns. One of the main dif- 
ficulties in the operation of these long lines has been due 
to lightning discharges,' hut even these are fast being elim- 
inated. New lines are usually troubled with malicious per- 
sons who delight in shooting off the insulators, but these 
have been cured by the severe punishments inflicted. 
Large birds have sometimes caused arcs to start between 
the line wires by approaching too close. 

Each year sees the limit of successful operating voltage 
raised. What wmuld have been considered impossible a 
few years ago is now an accomplished fact. In 1908 the 
highest operating voltage was 110,000 on a line in Michi- 
gan about 100 miles in length; 60,000 is now a standard 
voltage. To what distances power may be transmitted in 
the future we may only surmise, but it seems assured that 
all parts of the world will ultimately be traversed by these 
power lines. In reviewing the history of the development 
of power transmission, an idea of its rapidity may be 
gained by observing the work of the pioneer plants. Altho 
much of the work was done in Europe, America has ac- 
complished her share and has developed the alternating 
current system of power distribution to the point where 
it has finally triumphed over the European direct current 
system. 

During the years from 1880 to 1890 power transmis- 
sion was effected almost entirely by direct current. Elec- 
tricity for power and lighting was sent out over the same 
lines, and the power load usually consisted of a number of 
small motors. The generators were wound for low volt- 
age so that the lamps could be operated directly from them. 
Power stations were erected at the centers of distribution. 
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As the load increased the size of the conductors necessary 
to give any kind of regulation became very large and the 
cost of the copper was enormous. 

Edison was the first to devise a means of effecting an 
economy in the weight of copj)er necessary to transmit a 
given amount of power, and brought out the Edison 3-wire 
system, by which it was only necessary to use about three- 
eighths of the copper employed with the old 2-wire sys- 
tem. This system is still used in both direct and alter- 
nating current distributions for lighting. Edison made 
use of the fact that by doubling the voltage only one-fourth 
the weight of copper would be necessary, but he added 
a middle or neutral wire, whose voltage was half-way be- 
tween the outside wires, so that the voltage between the 
outside wires was 240, and between either outside and the 
neutral was 120. The lamps were connected between 
either outside wire and the neutral, the neutral serving 
merely to carry the difference in the currents. If, there- 
fore, the number of lamps on each side was the same, 
the neutral carried no current. If the lamps were prop- 
erly distributed, it was possible to make the unbalancing 
current small, so that the neutral wire could be made 
smaller than the two outside wires. At the power station 
the 120- volt machines were connected in series and the 
neutral wire ran from the middle connection. 

This was, of course, a great step ahead, as it permitted 
the transmission of power to greater distances, but the 
main advantage was the improved regulation — i.e., the in- 
steadiness of the lights. Even this system, how- 
was only good for several miles, and therefore did 
not enable the power station to be removed to a location 
where fuel and water could be more economically obtained. 
The system is, however, good for congested districts 
where the lines are short. 

Upon the introduction of the electric railway, the ne- 
cessity for high voltage was forcibly impressed, and 500- 
600 volts soon became standard and has remained so un- 
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tll the present time. With this increased ¥oitag’e it he- 
.came possible to remo,ve the power -station to a point of 
.convenient .water and fuel supply.- .Cars could then be 
.operated fairly well over a radius .of 5 or. 6 -miles without 
expending, too much , on the feeder cables. 

Foi- several years previous to 1890 Nikola Tesla had 
experimented with alternating. currents with a .view to the 
■production of an alternating current motor, and m^as at last 
successful. . About the s.ame time transformers for raising 
and lowering, the voltage were bro.ught out, and the rotary 
converter for changing alternating into direct current was 
exhibited in 1893. This completed the steps in the devel- 
opment of the present aitern.ating current system. The 
high voltage alternating current generator .in the railway 
power-house gradually displaced. the direct-current, and the 
power . became concentrated in one -large station, resulting 
in a more economical production of psower. During this 
evolution the railway lines remained in operation on direct 
current .at 600 volts. 

This radically increased the radius of transmission. Sub- 
stations were erected in various parts of the city, and in 
these were installed the rotary converters. The power 
from the central station was all sent out at high voltage 
as alternating current to transformers, from the low volt- 
age sides of which it entered the rotary converter, which 
changed it into 6oo-volt direct current.- ’ Each- sub-station 
therefore acted as a supply station, but without the large 
cost of a generating station. The Hnes supplied by each 
sub-station were comparatively short and the voltage of 
the circuit remained much more nearly constant than be- 
'■-fore. : 

One of the largest and most modern examples of this 
system of distribution is that of the Interboro Rapid 
Transit Co. of New York City, 

Each of the generating units consists of a compound en- 
gine and a generator of 3.750 kw. capacity, deliv- 
ering 25 cycle alternating current at 11,000 volts. The 
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power is sent ont at this voltage directly without the use 
of raising transformers and delivered to sub-stations along 
the subway lines. At these stations it is then reduced by 
means of lowering transformers to such a voltage that 
when applied to the rotary converter direct current will 
be delivered at 600 volts, which current operates the rail- 
way motors. 

This system may be said to have become standard for 
large cities. Cables for underground use can now be made 
which are entirely reliable and satisfactory on 11,000 volts. 
This voltage is, however, as high as engineers will will- 
guarantee and dispenses with the use of the large 
raising transformers necessary with lower voltage gene- 
rators. 

The first transmission of power to a distance in the 
United States was made in the year 1890, one year before 
the Frankfort-Lauffen experiment. This station is at the 
falls of the Willamette River in Oregon, thirteen miles 
from Portland, where water-power estimated at 225,000 
horse-power is obtainable. 

In 1893 it had been in successful operation for three 
years with satisfactory results, both as to the working 
of the apparatus and the cost of maintenance, the opera- 
tion of the dynamos being described as admirable and the 
transformers not having cost a cent for repairs. 

The plant, however, to which much of the present 
knowledge of conditions affecting high-voltage operation 
is due is that of the Telluride Power Co. in Colorado. 
This plant operates under particularly severe conditions, 
and in the overcoming of the obstacles encountered much 
valuable information was gathered. Here, for the first 
time, men were systematically trained for operating the 
plant, each man receiving a general education in all the 
branches of engineering connected with it Much of its 
success was, therefore, due to the knowledge and skill of 
its operating force. Here that natural enemy of long- 
distance transmission — lightning — was met and conquered. 
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^‘Near Telliiride, Colorado,”' says Atkinson, * 1 ,s a water-'. ■ 
power station from which power is electrically transmit- 
ted to the Gold King mill, nearly three miles distant, where 
it is employed for operating crushers and stamps. It 
was equipped, when first constructed, with a Westing- ^ 

house alternating-current dynamo of 100 hp., operated by f }. 



a Pelton turbine wheel driven by water received through 
a steel pipe 2 feet in diameter, under a head of 320 feet 
The general construction of this dynamo is the same as 
that of the dynamos employed at the Willamette Falls 
station, but its field winding is composite, part of the 
magnets being excited by the armature current of a sepa- 
rate direct-current machine and the others by a current 
from its own armature, which is made by an apparatus^ 
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equivalent to a two-segment commutator, the adjustment 
being such Aat the e.m.f. of the current delivered through 
the mains rises as the current strength increases, compen- 
sating for the fall of potential in the line and keeping the 
e.m.f. at the motor constant at 3,000 volts. The speed is 
83 revolutions per minute, producing 10,000 alternations 
of current. 

“The main current flows directly to the motor at the 
mill without transformation, the only transformers em- 
ployed being the small ones connected with the indicators 
on the shunt circuits. The motor is the same in size, 
horse-power and general construction as the dynamo, and 
runs in synchronism with it, but is excited by a current 
from its own armature, obtained from a special winding 
parallel with the main armature coils, and connected with 
the field coil's by a circuit in which the current is madei 
direct by a commutator. A small Tesla motor of special 
construction is employed as a starter for the large motor 
and is connected with the mains by a parallel circuit, as 
shown. The armatures of both motors are belted to a 
countershaft on which the ratio of size between the pul- 
leys is such as to give the armature of the large motor a 
httk higher speed than that of the small one. 

Whm the circuit of the small motor is closed its arma- 
ture quickly attains its normal speed, putting the arma- 
ture of the large one in rotation, at a speed somewhat 
higher than that of the dynamo, and causing it to gen- 
erate a self-exciting current at the normal e.m,f. of the 
arcuit The small motor is then switched off and the 
speed of the large one gradually decreases till it is ap- 
prondmately equal to that of the dynamo, the relative 
speed of each machine being indicated by the degree of 
Illumination in incandescent lamps connected in series 
with the secondary coils of two transformers whose pri- 
mary coils are connected, respectively, with the circuit 
of each machine, as shown; the illumination decreasing, 
-rom decrease of current, as the speeds of the two ma- 
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chines- .approach equality. When the proper relative speech 
as thus indicated, is attained, the main circuit o£ the large 
motor is closed by its switch and it. is connected with the 
niiil machinery by its friction clutch, the small motor hav- 
ing been disconnected by its clutch and brought to rest. 
The whole operation of starting is accomplished in about 
two minutes by one man. 

If the speed of the motor, on starting, should happen 
to be a little Jow^er than that of the dynamo it may rise 
to the proper speed ; but if much lower, it will continue 
to decrease, in which case the switch of the large motor 
is opened and that of the small one closed, and the speed 
thus restored. The field current of the motor, as indicated 
by the ammeter, is regulated, on starting, by a rheostat, 
and requires no further adjustment for the varying loads. 
The line runs across a rough country, ascending a moun- 
tain at the power station to a height of 2,500 feet, at an 
angle, in some places, of 45 degrees, and parts of it are 
practically inaccessible in winter, the snow being some- 
times on a level with the tops of the poles. Special pro- 
tection is required against lightning, to which this region 
is peculiarly liable, 40 discharges through the lightning 
arresters having, on one occasion, occurred in 40 minutes. 
The successful operation of the plant under these un- 
favorable line conditions, and with a comparatively new 
type of electric apparatus, since its completion in June, 
1891, has inspired such confidence that extensive additions 
have been made both for power and lighting, which indi- 
cates that for the former purpose as well as the latter 
the employment of the alternating current with long- 
distance transmission has passed from the experimental 
to the practical stage.'" Since the above writing many 
trials of high voltage have been made at this plant, until 
it is now operating at 40,000 volts. 

The Niagara Falls Power Transmission was one of the 
earliest, and is still the largest. The first station was 
built on the American side, and contains ten 5j^Q‘’hp., 
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two-phase, 2S-cycle, 2,200-volt alternating-current genera- 
tors. Each of these generators is mounted at the top 
of a long, vertical shaft, at the lower end of which is thfe 
turbine. Since the weight of the generator and turbine 
IS very great, too great to be supported by a bearing, the 
turbine is so constructed that the action of the water 
tends to balance this weight. The armatures of the gen- 
erators are stationary and the field magnets revolve out- 
side the armature, being shaped like an umbrella. The 
best engineering skill in the world was employed in de- 
signing the plant, and its success is largely due to that 
fact. _ Turbine wheels and generators of that size were 
practically unknown, and the starting of the plant marked 
the beginning of a new era in the development of large 
water-powers. :■ 

Since the construction of the first plant another similar 
one has been built containing eleven units of the same 
capacity, making the total output of the two plants 105,000 
p. Two other plants also have been constructed on the 
Canadian side of the river, which deliver part of their 
power to towns in the United States. 

Most of the power from the two American plants is 
consumed by local manufactories which have sprung up 
there; 30,000 hp. is sent to the city of Buffalo, about 25 
miles away. Since power can be transmitted with 25 per 
cent, less copper with three-phase than with two-phase 
current, the two-phase current, generated at 2,200 volts, 

IS changed by transformers to three-phase and the voltage 
at the same time is raised to 22,000. The distance to 
which Niagara Falls is transmitting its power is in- 
creasing daily, the greatest distance being to Syracuse, 
160 milM away, where power is delivered at 60,000 volts. 

A ^pical water-power station, with a transmission line 
which IS said to be, at present, the longest in the world, 
Couiitaes Power Co. of CaUfornia. 
This transmission system,” says R. W. Hutchinson, in his 
Long Distance Power Transmission,’ “is the longest in 
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existeaee, and was first ptit in operation on April 27, 
1901. The company supplies . power from three plants 
operated in parallel. Power is transmitted at 40,000 TOlts 
to Oakland, a distance of 142 miles from the main gen- 
erating station, and power is supplied to the Standard 
Electric Company for transmission to various points along 
San Francisco Bay, the farthest of which is Stockton, 
218 miles distant from the main power plant^^ 

Altho long-distance power transmission by continuous 
currents is practically unknown in this country, there 
are many examples of this type in Europe which have 
operated in competition with alternating current, and 
which are still being installed. Most of these plants are 
located in Switzerland and France, and are in satisfac- 
tory operation at present. Much of the development in 
continuous current working has been due to M. Thury, 
a French engineer, and the originator of the system which 
bears his name. In this system a number of series-wcund 
generators are connected in series, so that their voltages 
add together. It is evident, therefore, that any voltage 
may be generated by connecting together a sufficient num- 
ber of such machines, and 60,000 volts have in this man- 
ner been obtained. Direct-current generators of this type 
can be built which will operate satisfactorily as high as. 
4,000 volts. In obtaining the 60,000 volts above men- 
tioned sixteen of these generators are connected in series. 
Each machine is substantially insulated, both from the 
floor and from its driving turbine. The Thury system is 
known as a ^‘constant-current” system, because the cur- 
rent is held constant no matter what the load may be; 
but the voltage is varied, so that at light loads the voltage 
is low, and reaches its maximum only at times of full 


load. 

The line is very simply constructed, consisting of two 
wires, and in case of accident to one wire the earth may 
be used as a return. The line, therefore, presents a muck 
simpler construction than that for an alternating-current 
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system requiring three wires. At the receiving end the 
electrical power is canverted into mechanical power 
through a number of series motors connected in series 
across the line. A centrifugal governor attached to each 
motor holds its speed constant by varying its field strength. 
For this purpose a portion of the current (which is always 
the same) is shunted from the field through a resistance. 

What are the advantages and disadvantages of this sys- 
tem? The chief advantage claimed for it by its advocates 
is the simplicity of its line construction. With direct cur- 
rent the insulation of the line is only subjected to the 
effective voltage of the line, while in an alternating- 
current transmission the voltage which the insulators 
must stand is at least 1.4 times the effective line voltage; 
and, in addition, surges of waves of voltage are liable to 
occur which may double this value. It will therefore be 
apparent that the direct-current line has a decided advan- 
tage. Another advantage claimed for it is its ability 
to operate during lightning discharges, since more effec- 
tive arrangements may be made to prevent the lightning 
from entering the stations. 

Coming to the stations, however, the direct-current 
system has serious drawbacks. It has not been found 
practicable as yet to build the generators larger than 400 
kw. output. To equal one of the Niagara Falls power 
stations in output would, therefore, take 125 such gen- 
erators. Advocates of the alternating-current system 
have always considered these stations too complicated for 
satisfactory operation. It must be admitted, however, 
that M. Thury, through persistent work, has simplified the 
station to such an extent as fully to meet this objection. 

On the whole, alternating-current transmissions seem 
to be more satisfactory than the direct current, and this 
advantage will increase as alternating-current motors 
reach the perfection attained by direct-current machines 
and line insulation becomes so perfected as easily to 
withstand the voltages imposed upon it. 
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Regarding recent developments in high-voltage trails- 
rriission and its future limits, the ‘Engineering Record/ 
August 15, 1908, says: “It is just now worthy of special 
comment that the record for high voltage has again been 
laised, this time to the soaring figure of 110,000 volts. 
For once the palm for sensational engineering has left the 
Pacific coast, to repose, for a while at least, in tlie custody 
of the Central States. This latest step forw^ard must really 
be regarded as epoch-making, since it carries the art of 
power transmission from the region of the tried and stand- 
ard into the unknown country beyond ; and the best of it is 
that the incursion has apparently been a victory. It is 
a new proof that all things come to him who dares. 

“At last the next great step has been taken, thanks to 
the enterprise of the insulator maker, and especially to 
the construction of the suspension type of insulator, which 
makes relatively easy pressures before difficult. The pin 
insulator, when constructed of dimensions adequate for 
very high voltage, became unwieldy and mechanically 
troublesome; not so the suspension insulator, which actu- 
ally leads to improvements in line construction. It will 
probably be found, too, as is often the case, that the 
precautions now considered necessary in going to very 
high voltages will prove to be more than adequate in the 
light of practical experience. It is a fact that in Conti- 
nental practice surprisingly small and simple insulators 
have been found entirely successful for pressures con- 
siderably higher than would be attempted with the same 
material here. American engineers attach great impor- 
tance to preserving a high line insulation, as they should, 
but they went through a period in which the size of insu- 
lator was all out of proportion to their quality and de- 
sign. Now, practice is settling into sounder lines and 
will go on to better and better results. The fact is that 
at every stage of progress toward high voltage advance 
has proved to be easier than seemed at first possible. 
Difficulties that seemed insuperable have been, time and 
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again, overcome with comparative ease, so that bow one is 
not beside the mark in counting upon a very general ad- 
vance in the near future. Of course, the plants in which 
100,000 volts or more is a figure commercially necessary 
are relatively few. As time goes on, however, and the 
more remote powers are utilized, high voltage will become 
^plove? necessary, and will be more generally 

“As to the limits which may be reached one would be 
unwise to prophesy. At 100,000, or about there, a condi- 
tion IS reached where, save for large powers and Ion? 
wires, further increase would lead to wires too small to be 
desirable mechanically. In addition, it is undesirable, for 
electrical reasons, to use anything much below a quarter 
inch in diameter at very high pressure, so that there is a 
natural limitation to the number of very high voltage plants. 
Yet, for the really big work of the future, success depends 
OT just such bold achievements as the one here considered, 
the next step will probably be in the direction of a very 
long line at extreme voltage. Here, again, is a debatable 
ground, owing to line difficulties. No one has yet oper- 
ated a line of such length as to be a material fraction of 
toe natural wave-lMgth corresponding to the frequency, 
there is a possibility of a new class of troubles arising 
under such circumstances, and new devices may be re- 
quired to meet it. It is on such very long lines that the 
use ot high-tension continuous current has found some 
advocates. Severe requirements as to the use of cables is 
a p^sible source of future trouble, but here also the manu- 
acturer may be counted on to push ahead ; 20,000- volt 
cable IS in use in England to the extent of several hundred 
miles, and 40,000-roIt cable has been successfully worked 
so that if the time should demand underground lines at 
100,^ volts or More it is safe to say that they would be 
lorthoomiag” 
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CHAPTER VI 

THE HISTORY OF ELECTRIC LIGHTING 

The Mstory of electric lighting begins soon after the 
discovery of electric currents. In 1800 Sir Humphry 
Davy, while experimenting with the effects of currents, 
obtained bright sparks between two charcoal points upon 
breaking the contact between them. The number of 
cells with which he worked was, however, insufficient to 
produce a continuous light. After a few years he in- 
creased the number of cells in his battery until it was 
composed of 2,000 elements. With this powerful source 
of current he was able to obtain a continuous discharge 
between carbon points which sustained itself across a gap 
of 7 inches and emitted a dazzling light. This light was 
exhibited in 1813 at the Royal Institution. Davy found 
that the conducting power of the charcoal points was im- 
proved by extinguishing the charcoal under mercury. The 
consumption of these points was very rapid. The name 
'Voltaic arc” came from this experiment of Davy V, from 
the fact that the stream of vapor formed itself into a 

bow, the charcoal points being horizontal. 

Owing to the high cost of producing the electric current 
no one seems to have cared either to develop a lamp or 
to ascertain the properties of the arc itself until i844» 
when Foucault constructed a lamp using carbons from 
the retorts of gas works, which were much harder and 
more compact than DavyV charcoal points and less easily 
consumed. 
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Thomas Wright, of London, devised the first apparatus 
(1845) in which the adjustment of the carbons is brought 
about automatically. W. C* Staite used the electric cur- 
rent for the regulation of the carbons in 1848. In 1858 
Foucault devised a lamp in which the carbons were made 
to approach automatically by means of a clockwork feed, 
the clockwork being controlled by an electromagnet As 
the current diminished in strength, due to the increase 
in the length of the arc as the carbons burned away, a 
magnet in series with the arc weakened and released the 
escapement of the clockwork, thus moving the carbons 
together. In this lamp both carbons moved, and were 
so regulated in their motions as to maintain the arc in 
a fixed position. In later lamps, used for general illum- 
ination, this was not considered necessary, and the regu- 
lating mechanism was considerably simplified. The lamps 
were known as 'Tocussing’’ or ‘‘self-centering*' lamps, 
and arc still necessary in some cases, such as stereopti- 
con w-ork. 

^ Before proceeding with the history some of the proper- 
ties of the arc may be examined. If it is attempted to pro- 
duce an arc by means of a few cells of battery the at- 
tempt will be unsuccessful. It is necessary that a differ- 
ence of potential of about 40 volts should exist between 
the carbons before any stream of vapor will be formed. 
The longer the arc produced the higher is the voltage 
necessary to maintain it. In the ordinary carbon lamp 
practically no light comes from the arc itself; it is all 
emitted from the white-hot carbon points. If the source 
of current is direct or continuous, most of the light is 
radiated from the positive carbon, or that by which the 
current enters, and this carbon is consumed about twice as 
rapidly as the other. From this fact it will be seen that 
in such lamps as Foucaulfs it was necessary to arrange 
the mechanism so that the positive carbon should move 
at about twice the rate of the negative. Another pecul- 
iarity IS the manner in which the carbon points burn away. 
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■Wheri the corahustion takes place in the air the positive 
carbon has a depression or '‘crater'^ formed im it, and upon 
the negative is produced a nib. This seems to be due 
entirely to the fact that combustion takes place in air, 
as the phenomenon disappears when the arc is enclosed* 
and both carbons become blunt This seemingly slight 
difference was, however, a factor of considerable con- 
sequence, as the greater part of the light is emitted from 
the intensely hot crater of the positive carbon, so that 
in the open arc much of the light is cut off from the 
horizontal direction by the rim of the crater, which is 
removed by enclosing the arc. The temperature of the 
arc is the greatest of all earthly temperatures, nearly all 
substances volatilizing almost instantly. 

Arc-lamp development was stimulated by the construc- 
tion of the magneto-electric machine, which greatly de- 
creased the cost of power. The introduction of the dy- 
namo, however, completely solved the problem of power, 
and the field was immediately opened for the electric light. 

One of the first successful lights was the electric candle 
of Paul Jablochkoff, invented in 1876. This is probably 
the simplest of all electric lamps. As shown in Fig. 22, it 
consists of two carbon rods placed parallel, and sepa- 
rated from each other by plaster of paris, the rods having 
brass tubes at their lower ends which make contact with 
springs set in the holding device. To start the candle 
a thin plate of graphite was laid across the tip, this being 
heated by the passage of the current sufficieiitly to start 
the arc. Difficulty was, of course, encountered in oper- 
ating these lamps on direct current on account of the 
unequal rates of burning of the positive and negative 
carbons. It was attempted to overcome this by making 
the positive twice as thick as the negative carbon, but the 
ratio not being exact, and liable to variation, caused the 
failure of this method. They were therefore operated 
on alternating current, and over 4,000 were in use in Paris 
alone. The lamps, however, were not satisfactory, and 
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inventMs gradually reverted to the lamp with tiie adjust- 
ing mechanistaL 

As socsj as arc lamps had to be operated over a consid- 
erable territory it was seen that the mode of connection, 
known as ‘'series,” wherein a single wire is used to con- 
nect the lamps together, was preferable to the “parallel" 


Fig. 22 — Tue Jablociikoff 
Caudle. 


Fig. 23 —The Stare-King 

IncandescEaMt Platinum 
LamPj 1845. 


system, which required two wires, both in economy of 
wire and in saving of power. This required a special 
arrangement of the lamp mechanism. On the series sys- 
tem the same current passes through each lamp, and si^e 
It requires about 50 volts to operate a lamp the generator 
n,u« develop „ ,ol,. „ 

id”Soo‘'!l ■ fenerator wWeh 

Should develop a high voltage, as there were often as 
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many as 125 lamps on one line, requiring 125 50, or 

6,250 volts. Such a suitable generator was devised by 
Mr. Charles Brush, and is known as the Brush arc-light- 
ing dynamo. 

Returning to the mechanism of the lamps suitable for 


Fig- 24 — Diagram of Siemens^ Diffbrkmtial Lamp, 

such a circuit, one of the first of these was constructed 
by Hefner Alteneck, and is known as the Siemens differ- 
ential lamp- This type of regulator is still in use, altho, 
of course, modified and improved. Fig, 24 illustrates the 
method of regulating. The lower solenoid R is known as 
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the ^'series” coil, and carries the same current that passes 
through the arc. The upper solenoid T has manj turns 
of fine wire and is connected across the arc. The two 
coils act upon the same core in opposite directions, hence 
the name ‘differential/^ If the carbons approach too 
closely the current in the series coil increases and pulls 
them apart, but as the length of the arc is increased^ 
thereby the voltage across it grows greater and the shunt 
coil T receives more current. This prevents the series 
coil from producing too great a motion, and the carbons 
are held by the balancing action of the two coils. The 
upper carbon alone is fed down by the action of gravity, 
the lower carbon being fixed. This style of lamp wus 
also developed by Brush in America, and many thousands 
have been used. The combination of the Brush high- 
voltage generator and the differential-series lamp was 
quite satisfactory as a means of lighting, and many of 
these arrangements are in use at the present time, altho 
they are fast being replaced by more modern systems. 
With the open arc lamp of the Brush type the replace- 
ment of the carbons was required daily, and became quite 
an item in the total expense of operation. About 15 
years ago arcs enclosed by a thin glass were introduced 
which required trimming only once m ten or fifteen days. 
At first it was thought that the enclosing glass would 
cut off so much of the light as to seriously impair the 
efficiency of the lamp. The fact previously mentioned 
concerning the flattening of the carbon tips and a con- 
sequent better distribution of the light here came to the 
aid of the enclosed lamp, so that altho there was some 
loss of light due to the glass, the improved distribution 
overbalanced that effect A grave fault, however, was the 
deposition of the silicious impurities of the carbons on 
the enclosing glass, with a consequent diminution in the 
light. Efforts were accordingly directed toward the im- 
provement of the carbons, and altho it has not been found 
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possible to produce carbons free from suck material, that 
fault is not at tke present time serious. 

Altko the series system of operation is tke only prac- 
ticable one over long distances, it is often required to 
operate arc and incandescent lamps on tke same circuit, 
as in buildings, etc. For suck work the differential mech- 
anism of the series system is not suitable. In that sys- 
tem the lamps act to steady one another, for with so 
many in circuit the fluctuations of one lamp do not ap- 
preciably affect the current in the circuit. The operation 
of a single lamp requires, therefore, something to replace 
the steadying action of the other arcs, and this is accom- 
plished by means of a dead resistance. Some energy is, 
of course, wasted in this resistance (about 25 per cent.), 
but the operation is very satisfactory. 

The ordinary carbon arc lamp, altho one of our most 
efficient sources of light, is still far from the ideal. Of 
the total energy radiated from it only about 10 per cent, 
has the proper frequency of vibration to affect the eye 
as light. The ideal light would emit rays all of which 
would affect the eye. One means of effecting this increase 
is to raise the temperature of the heated body; another, 
to employ a different material, since all materials do not 
emit equal light at the same temperature. Attempts to 
utilize the latter principle resulted in the production of 
“luminous^ and ^^flaniing” arcs. Some of the most prom- 
inent workers on this subject are Bremer, Auer, Nernst, 
Blondel, Whitney and Steinmetz. 

The luminous arc is composed of two electrodes which 
supply a stream of light-giving vapor. One of the most 
prominent examples of this type is that developed by Mr. 
Steinmetz, and known as the magnetic arc. The positive 
electrode is a rod of copper, the negative a^ rod of mag- 
netite, or iron ore. The light given off is an intense 
greenish white, the efficiency being several times that of 
the ordinary arc. They have recently been established 
on a commercially operative basis, altho stiU unsatisfac- 
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tory m some respects. They can operate only on direct 
current, which usually involves the rectification of the 
alternating current, now almost universally generated. 

The flaming arc is almost invariably produced by util- 
izing the intense heat of the carbon arc to render incan- 
descent various refractory materials. For this purpose 
either one or both of the carbons are impregnated with 
metallic salts having great light-giving power, as calcium, 
titanium, strontium, etc. The most efficient of these are 
the salts of calcium, which emit dazzling yellow rays. 
For some purposes — as interior lighting — these rays are 
objectionable on account of the distortion of color which 
they produce, and the salts of titanium are preferred, as 
these emit a beautiful white light, altho of less intensity. 
The lamps may be operated on either direct or alternating 
current. The objectionable features of these lamps are 
the increased cost of the carbons and their short life. 
For that reason they have not yet come into general use 
for street lighting. In respect of life the magnetic arc 
has the advantage, its life being about the same as the 
enclosed carbon arc — 150 hours. 

Developments in arc lighting have followed one another 
with such rapidity during the last seven or eight years, 
and are still progressing so swiftly, that one hardly knows 
where they will stop. The fine organizations of engineer- 
ing and scientific skill under the control of large electrical 
enterprises have made possible these rapid developments 
of the last few years. 

“Admirable as is the system of electric-arc lighting for 
use in streets and open spaces, and in workshops or large 
halls,” says Henry Morton in his 'Electricity in Light- 
ing,' ^it is entirely unfit to take the place of the numerous 
lights of moderate intensity employed for general domes- 
tic illumination. For this purpose it was at a very early 
period perceived that the incandescence, or heating to 
luminosity, of a continuous conductor by an electric cur- 
rent was the most promising method. It was also at a 
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very early period perceived that the conductor to be used ; 

for this purpose must be one which would admit of being 
raised to a very high temperature without being melted 
or otherwise destroyed. The first material which was 
thought of in this connection was platinum, or one of 
its allied metals, such as iridium, which have the highest :• 

melting points among such bodies, and are, besides, en- l; 

tirely unacted upon by the air at all temperatures. 

^Tn 1848 W. E. Staite took out a patent for making 
electric lamps of iridium, or iridium alloys, shaped into 
an arch or horseshoe form. One of the most serious 
difficulties, however, even with these materials, was that 
to secure from them an efficient light it was necessary 
to bring them so near to their fusing points that a very 
minute increase in the current would carry the tempera- 
ture beyond this and destroy the lamp by fusing the con- 
ductor. 

'‘An escape from the difficulty was offered by the use 
of hard carbon, such as that employed for the electrodes 
of arc lamps; but here the compensating drawback was 
encountered that this substance, when highly heated, was 
attacked by the oxygen of the air, or, in other words, 
burned. To meet this plans were devised for the replace- ? | 

ment of the consumed carbon in a non-activc gas or in 
a vacuum. Thus, in 1845, a patent was taken out in 
England by Augustus King, acting as agent for an Ameri- 
can inventor named J. W. Starr, for an incandescent lamp, 
the important parts of which are represented in Fig. 23. 

Here a platinum wire is sealed through the top of a small 
glass chamber constituting the upper end of a barometer 
tube. This platinum wire carries at its power end a clamp, 
which grasps a thin plate or rod of carbon, and also a non- 
conducting vertical rod or support, which helps to si^- 
taiii another clamp, which grasps the lower end of the 
carbon strip and connects it by a wire with the mercury 
in the barometer tube below. By passing a current throug i 
the platinum wire, and thence through the upper clamp. 
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carbon strip, lower clamp, wire and meretiry, the carbon 
strip could be made incandescent, and was to a certain ex- 
tent protected by the surrounding vacuum. Tho this lamp 
produced a brilliant light, it proved in various respects tm- 
satisfactor}?-, and was abandoned after numerous trials. 
Other inventors, as, for example, Konn, of St. Petersburg, 
continued to work with rods or pencils of hard carbon and 
achieved a limited success, but the irregularity and brit- 
tleness of the material seem to have been an insuperable 
objection and drawback, and the problem of commercial 
electric lighting by incandescent conductors yet remained 
without a solution. 

‘‘This was the state of affairs even up to the fall of 1878, 
when, as is claimed, William E. Sawyer, in combination 
with Albon Man, after many preliminary experiments, pro- 
duced their first successful incandescent lamp with an 
arch-shaped conductor made of carbonized paper. In 
their application for a patent, filed January 8, 1889, these 
inventors use the following remarkable language in their 
fourth claim: ‘An incandescing arc of carbonized fibrous 
or textile material.' This indicates that they realized the 
importance of what seem to be the common features of the 
present electric incandescent lamps, namely, the arc or 
arch or bow or loop form, and the carbonized fibrous or 
textile material. They also specially refer to carbon in- 
candescent conductors made from paper. 

“After a long and hotly contested interference, the 
United States Patent Office has granted them a patent in 
which these points are broadly stated. The lamp brought 
out by Messrs. Sawyer and Man, soon after their applica- 
tion for a patent, and described and shown in that appli- 
cation, was a rather large and complicated structure, and 
had no improvement and simplification of this structure 
been made the present immense development m electric 
lighting would no doubt have been unattained. It is to 
T. A. Edison, without doubt, that we owe many of the 
simpuheations and modifications which, by cheapening the 



Fig. 25 — Edison’.s First Incandescent Platinum Lamp. 

ing these was impressed with the desirability of producing 
an mcandescent electric lamp. Like so many before him, 
he first turned to platinum and platinum alloys, and de- 
vised a form of lamp admirable for its simplicity, but. 
unfortunately, open to a fatal objection. This rst amp 
of Edison’s is shown in Fig. 25, in which a b is the in- 
candescent platinum wire. , , 

'The announcement of a new system of electric lign 
inff made by Mr. Edison and his friends on the foundation 
of 'this device, attracted universal- attention, and etren 
caused a serious fall in the value of ‘gas stocks in this 
country and abroad. It is, indeed, amusing now to look 
back upon the extravagant assertions and predictions made 
at that time and widely circulated when we realize how 
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more than frail was their foundation. In fact, Mr. Edison 
very soon found out that this simple device was entirely 
insufScient for the purpose proposed, because the heated 
platinum wire gradually stretched by its own weight, and 
thus was constantly getting out of adjustment, and fina lly 
would become attenuated and break. 

“It also happened that, though the secret of this great 
invention was carefully guarded, some inkling of it es- 
caped, and this enabled those who were familiar with such 
subjects to perceive the close similarity between this Edi- 
son lamp and a similar device constructed and used by 
Dr. J. W. Draper prior to 1847, and described and figured 
in articles published by him during that year in the Ameri- 
can Journal of Science and Arts, The London, Edinboro 
and Dublin Philosophical Magazine, and Harper’s New 
Monthly Magazine. This apparatus was used by Dr. 
Draper as a source of light or lamp with which he deter- 
mined the relations between temperature and luminosity. 
At the conclusion of his article Dr. Draper says: ‘An in- 
genious artist would have very little difficulty, by taking 
advantage of the movements of the lever, in making a self- 
acting apparatus in which the platinum should be main- 
tained at a uniform temperature notwithstanding any 
change taking place in the voltaic current.’ 

“It also appeared that precisely the same idea had oc- 
curred to another inventor, Hiram S. Maxim, who has re- 
cently developed such a marvelous improvement in maga- 
zine or repeating guns, and who, on December 22, 1879, 
filed an application for a patent which, after an interfer- 
ence litigation with Edison, was finally issued to Maxim 
on September 20, 1881, for the form of electric lamp shown 
in Fig. 26. It has also been shown that in 1858 M. G. 
Farmer, one of the veteran electricians of America, to 
whose work in connection with the dynamo-electric ma- 
chine allusion has been made before, lighted a room in his 
house at Salem, Mass., for several months with platinum 
lamps of similar structure controlled by automatic regula- 
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tors During 1878 and 1879, however, Mr. Edison was 
most diligently at work, and perceiving the imperfections 
of his first ideas, sought in every way to overcome thein 
It thus came to pass that by December 21, 1879, at which 
date he made his first revelation to the public, in the pages 
of the New York Herald, he had perfected a platinum 
lamp which is shown in outline in Fig. 27, as well as 
some other forms substantially like it. 


Fig. 26 —Maxim’s Incandescent Platinum Lamp. 

-“But these platinum conductor lamps were not the onty 
outcome of Mr. Edison’s work between the fall of 187- 
and December, 1879. As this Herald article also related 
Mr. Edison, like many before him, 

the insuperable difficulties present in metallic . 

had turned his attention to carbon m i 
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arch, or horseshoe form, to be the most desirable Tho 
working with the same materials and form, Edison pro- 
duced a stracture very different in appearance from that 
of Sawyer and Man, as will be seen by reference to Fiv 
28 which represents one of Edison’s paper carbon lamps 
which was the first one whose electric properties were ac- 
curately measured, these measurements having been made 
at the Stevens Institute of Technology, early in 1880, by 




v/xv OUEPORT, 1070 . 

rig. 28 •Edisoist’s Paper Carbon Lamp, 

She Chairman of 

T;lh?h f Scientific Tests of the United States 

nSw Srif desiring information as to this 

■ commSS ^ deputing the work of investigation to this 

n,,m" conductor is supported on plati- 

num wires and held in minute platinum clamps at the ends 
^these wires, which are sealed through the walls of the 
pear-shaped enclosing tube in the manner which has been 
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familiar for twenty years in the construction of the beau- 
tiful toys known as 'Geissler tubes/ The interior of this 
glass vessel had likewise been exhausted and hermetically 
sealed in the manner usual with many Geissler tubes and 
with the radiometers of Dr. William Crookes/' 

Since its invention the Edison lamp has maintained a 
practical monopoly, and it is only within the last few yeat^ 
that other competitors have loomed up which threaten its 
supremacy. They still have difficulties to surmount, how- 
ever, which have already been overcome ia the carbon-fila- 
ment lamp, 

Edison's first filaments were made of carbonized thread 
or paper. It is obvious that such filaments could not be 
made with any great uniformity. A great many experi- 
ments were made and are still being made to determine the 
best method of making them. They are all, however, made 
by what is called the ‘^squirting" process, of which an 
outline follows. 

Pure cellulose, as cotton-woo! or blotting-paper, is dis- 
solved in a concentrated solution of zinc chloride until a 
jelly-like mass is obtained. Great care is required to ob- 
tain pure materials, and the various processes must be 
closely watched. This mass is filtered by forcing it through 
a suitable filter such as glass-wool, fine wire-gauze, or 
flannel. It is then heated under a vacuum to free the vis- 
cous material from air carried into it by the cotton-wool 
or cellulose. It is then squirted under fairly high pres- 
sure through a fine orifice, which just dips below the sur- 
face of acidified alcohol contained in a tall glass jar. The 
alcohol hardens the celiulose, which forms a fine thread of 
a diameter depending on the size of the orifice. By re- 
volving the jar, the thread is coiled in it. When hard, it 
is removed and washed and wound on drums to dry. When 
dry it has the appearance of catgut. It is then given the 
desired shape by being wound on molds and baked. Bun- 
dles of filaments are then packed in carbon powder in 
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plumbago crucibles which are raised to as high a temoera 
tore as possible. '“gu u tempera- 

The carbonized filaments are gauged for diameter and 
the legs cut to the required length, after which they are 
ready for mounting on to the leading-in wires. There are 
two methods for doing this. In one. the ends aS laS 
against the leading-in wires and a drop of paste composed 
of graphite mixed with a binding material is applied the 
paste being afterward dried in an oven; in the other bv 
heating the joint red-hot in an atmosphere of benzene the 
benzene having decomposed and carLn deposed " 

uniform onf - in order to make it more 

uniform and increase its life. Flashing is accomolished 

^ placing the filament under a bell-jar filled with hydro- 
torbon vapor, and raising it to incandescence by the pass- 
/Irl whereupon the vapor is decomposed and 

firm c^pact coating of carbon is deposited upon it 
The grea est deposit takes place where the filament is thin- 

fH- in that part 

feienf ®®°o‘hes out the irregularities of the 

The filaments are next sealed into bulbs and the bulb 
exhausted. In the early days, Sprengel mercury pumps 
were used, but these were very slow, altho ve JpSect 

ducldinto th P^°®Phorus dissolved in alcohol is intro- 
duced into the stem, which is then connected to a mechani- 
cal air-pump having oil-sealed valves and exhausted as 

below the bulb and the phosphorus vaporized by a little 
SxvJn p H With the rLaining 

’“f “ 

The first patents covering the principle of the Nernst 
lamp were taken out by Professor W. Nernst in 1897 and 
1898. In Its first form it was very crude, serving mainlv 

that their efficiency was about twice that of the ordinary 
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carbon filament. This was the first incandescent lamp to 
threaten the life of the Edison carbon filament lamp. Much 
was promised for it at first, and its development was vigor- 
ously taken up in this country, England and Germany. 
Aitho the lamps are still manufactured, very few are in 
use, and it is probable that the manufacture of them will 
soon cease entirely. The recent introduction of the tung- 
sten lamp has made its existence unnecessary, as it is sur- 
passed by the tungsten lamp in efficiency, life and first 
cost. It contains, however, a very interesting principle, 
viz., the employment of an electrolytic conductor as the 
incandescent body. This conductor or glower, as it is 
called, is practically non-conducting at ordinary tempera- 
tures and requires to be heated before it will allow the 
passage of current through it. This fact is probably the 
principal cause of its -failure commercially, as the heating 
apparatus is quite complicated, of uncertain life,^ and the 
time consumed in lighting (sometimes half a minute) is 
in many cases objectionable. This is the only electric 
lamp that can be started with a match and blown out 

The glower of the American form of Nernst lamp is 
said to consist of the oxides of several rare metals, such 
as yttrium, ytterbium, thorium, etc., aitho the true com- 
position is known only to a few. The glowers are in the 
form of a short, thick filament, cemented to flexible plati- 
num terminals by which it is suspended below and dose to 
heating coils, consisting of porcelain tubes in which are 
imbedded resistance wires. These resistance coils are, of 
course, necessary to bring the glower up to the tempera- 
ture at which it begins to conduct The heating resistance 
is connected in shunt with the glower, which has in its 
immediate circuit an electro-magnetic switch for opening 
the heater circuit. When the glower becomes sufficiently 
heated to conduct, the current in this portion of the circuit 
operates the electro-magnetic switch and automatically 
cuts out the heating coils. 

As the glower conducts electrolytically rather than as a 
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solid, up to the present it has given a much shorter life 
when used on direct or low frequency alternating current 
circuits than with higher frequencies. Altho up to the 
present time these lamps cannot be called a commercial 
success, recent developments and improvements in con- 
structional details have made the efficiency of the lamn 
equal to that of the tungsten. If a method of producing a 
lamp free from the complicated starting apparatus which 
now prevails is discovered, these lamps may be heard from 

These lamps have followed one another in such ranid 
succession that some of them, altho full of promise 
have never been long in the commercial field, having been 
succeeded by others still better. Incandescent eSctric 
lamps with metallic filaments are older than carbon-fila- 
As long ago as 1840 lamps were constructed 
With filaments of platinum, and for thirty years after that 
ate various attempts were made to construct a practical 
lamp, using either platinum or iridium wires for the fila- 
ments the only two metals at all suitable which were ob- 
tainable at the time. None of these attempts met with any 
commercial success, and the use of metals was finally 
abandoned in favor of carbon by the experimenters who 
developed the carbon-filament lamp in 1878-1880. 

The success attained with carbon caused all considera- 
tion of metallic filaments to be put on one side for nearly 
twenty years. The introduction of the Nernst lamp ap- 
pears to have then stimulated research afresh and manv 
inventors turned their attention to the metals,’ to find the 

SSeiTh P’^°&>^ess which had 

been made in the_ meantime. Instead of only two possible 

mrtals to work with, there were now numbers known with 
fa “ A 

carnVifmf/t painstaking effort and laborious work, 

praise for both their ingenuity and their perseverance 
three commercial metallic-filament lamps have been S 
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ed wiiicli have entirety altered the outlook for the future 
of the electric lighting industry. 

*Tt is possible,” suggests Maurice Solomon in his “Elec- 
tric Lamps,' “that these may prove to be only the fore- 
runners of further improvements; rumors of fresh de- 
velopments are of almost weekly occurrence, and it is dif- 
ficult to say at the moment what is likely to be the course 
of events during the next few years. Up to the present 
none of the rumored improvements have given any evi- 
dence of being ad’vanced beyond the laboratory stage, and 
many do not appear even to have reached that stage, tho 
some have been proved commercial, namely, the osmium, 
tantalum, and tungsten (Wolfram or Osram) lamps. The 
osmium lamp is the invention of Dr. Auer von Wclsbach, 
and the earliest patents relating to it were taken out in 
1898. The earlier reports in reference to the osmium 
lamps appeared in the technical press in 1901, but the lamp 
does not appear to have been manufactured commercially 
until 1903, and it was not until 1905 that it was introduced 
into this country by the General Electric Company. 

“The method of manufacture may be gleaned from the 
patents and from a paper read by Dr. Fritz Blau before 
the Elektrotechnisher Verein in 1905. The process first 
tried was that of Hashing platinum wire in an atmosphere 
of osmium tetroxide (which is volatile). By subsequently 
incandescing the alloy in vacuo the platinum can be evap- 
orated off, but it was not found possible to produce suffi- 
ciently thin filaments in this way. ^ Finally the method 
adopted was that of pressing finely-divided osmium, mixed 
with an organic binding agent, through small diamond or 
sapphire dies. The thread thus formed is carbonized, 
and the carbon is then driven off by incasing the fila- 
ment in an atmosphere of steam and hydrogen. 

“The filaments have to be raised to a very high tempera- 
ture in order to “sinter” together the osmium particles into 
a practically homogeneous filament. Sintering may oe 
described as a sort of modified welding process ; the meral 
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does not fuse, but the particles raised almost to their melt- 
ing point bake together and bind very firmly; as a matter 
of fact exactly the same phenomenon occurs with carbon 
filaments, which after the first stages of baking are highly 
porous, but become dense and homogeneous on further 
raising their temperature. The osmium filaments are 
mounted in bulbs in the same way as carbon filaments, the 
mount being made by fixing together by means of an arc 
the end of the osmium filament and the leading-in wire. 
The osmium lamp has been described on account of its 
interesting position as the first of the new metallic fila- 
ment lamps. The lamp must be regarded at present as al- 
ready obsolete, having given place to the tungsten lamp, 
the filament of which is similar in character to the 
osmium filament, but in many respects superior. 

‘The earliest patents in relation to the tantalun lamp 
were taken out by Messrs. Siemens and Halske in 1901 
and 1902, but the lamp was not introduced commercially 
until 1905. During 1906 and 1907 the lamp has steadily 
grown in popularity, and the number now in use is very 
large. The tantalum lamp can certainly claim to be the 
first metallic filament lamp which proved to the full its 
suitability by the development of its formidable rival, the 
tungsten lamp, and it will continue to be remembered as 
the first lamp to afford solid ground for the hope of a 
marked advance in electric incandescent lighting. The 
filament of the tantalum lamp is made from pure drawn 
tantalum wire, and one of the chief difficulties in Its manu- 
facture is the preparation of the pure tantalum in a 
form suitable for drawing. 

“Tantalum metal is obtained in a powdery form by re- 
ducing potassium-tantalo-fluoride ; the powder is then 
fused electrically in vacuo, the process serving not only to 
produce the metal in a coherent form but also to drive off 
the occluded gases. The fused ingot is drawn into wire, 
the precise method by which this is done not being pub- 
lished, but the process must be one of considerable dif- 
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ficiiity In view of the extreme hardness of the metal, which 
Is, however, ductile and the tantalum wires are quite flex- 
ible. The metal oxidizes readily, and when heated burns 
away completely to oxide ; the filament must therefore be 
mounted in an exhausted bulb, and the difficulty of dispos- 
ing of the necessary length in the bulb has been overcome 
in an ingenious manner (rendered possible by the flexibil- 
ity of the wire) by winding it on a frame as shown in Fig. 
29. In this figure, for the sake of greater clearness, only 


Fig. 29 — Method of Suspend Fig. 30 — Method of Support- 
ing Tantalum Filament. iNG Tungsten Filament. 


the front half of the frame and filament is shown. This 
frame is mounted in a bulb in the usual manner. The 
other details of the lamp call for no special mention. 
Probably, apart from the difficulty in making the original 
tantalum wire, the lamp is one of the easiest of the metal- 
lic-filament lamps to manufacture, which leads to the hope 
that it may be greatly reduced in price when competition 
renders this necessary. 

“The earliest patents relating to the producticsa of fiia- 
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ments of tmigsten appeared in 1904. The most important 
are those taken out by Just and Hanaman, Kuzel, and 
Welsbach. In 1905 and 1906 many other patentees cov 
ered processes for manufacturing these filaments, but it 
must be remembered that by this time the possibilities of 
the metallic-filament lamp were becoming well recognised 
and many who patented methods and processes probably 
did so only in the hope that their ideas might some day 
prove fruitful. The credit for the development of a 
commercial lamp rests with the inventors already named, 
and lamps are now manufactured by all three of the pro- 
cesses which they devised. 

^‘It is too early to say which of these is likely to sur- 
vive; possibly some modification combining the advan- 
tages of all will prove ultimately the most efficient and re- 
liable manufacturing process. The tungsten lamp appears 
to have a brilliant future before it. While in its present 
form it lacks some of the advantages of the tantalum 
lamp, the fact that the consumption of power per candle 
is only about half that with tantalum will cover a great 
many defects. Unless a new metal filament is brought for- 
ward with an efficiency markedly superior, it is difficult to 
see what competitor now in the field can stand long against 
the tungsten filamenU’ 

The commercial development of the tungsten lamp has 
been conducted with marvelous rapidity. Everywhere they 
are rapidly displacing the carbon filament lamps. Their 
fragility, however, restricts their use to places where 
they are not subjected to mechanical vibration, altho 
by ingenious methods of mounting this defect is fast being 
overcome. 

The idea of producing light from incandescent vapors 
has always been an attractive one. Theoretically it is pos- 
sible to obtain a far more efficient light from these vapors 
than from incandescent solids, because the emanations are 
more nearly of the same frequency than those from solids. 
Discharges in vacuum tubes have been tried for many 
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years and there was developed a form of tubes, known as 
Geissler tubes, in which the most beautiful effects were 
produced by discharges through rarefied gases, but their 
brightness was never sufficient for practical lighting. 

About ten years ago Peter Cooper Hewitt, making use 
of the fact that a column of mercury vapor is a good con- 
ductor, succeeded in constructing a mercury vapor lamp of 
great power and efficiency. This lamp consists of a long 
glass tube, having two electrodes, the negative of which 
is mercury. The arc is formed between these electrodes 
and completely fills the tube. This is, therefore, a true 
arc lamp. The lamp must be burned in an inclined posi- 
tion, the mercury being in constant circulation. It is 
vaporized at the lower end, condensed at the upper, and 
runs back to the lower again. One feature, which for gen- 
eral lighting is objectionable, is the color distortion pro- 
duced by this light. Since there are no red rays in it, 
red bodies appear black, and all objects have a greenish- 
blue appearance. For purposes of photography, for draft- 
ing-rooms, etc., it is, however, admirable, being rich in the 
upper rays of the spectrum. 

Following out the idea of producing light from dis- 
charges in a vacuum, MacFarlane Moore has succeeded 
in producing a lamp which is extremely ingenious.^ The 
chief advantage claimed is the improved distribution of 
the light, the light being nowhere intense. The tubes may 
be made an hundred or two feet long and may be fitted to 
suit the shape of the room. The discharge is effected by 
means of a high-voltage transformer. The tubes give off 
a pleasing light of a pink color. 
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CHAPTER VII 


THE DEVELOPMENT OF ELECTRO-CHEMISTSY 

The striking effects brought about by electricity formed 
the subject of much study about the middle of the eight- 
eenth century. At that time friction electrical machines 
were in use, and in order to intensify the effects produced, 
very large machines were constructed. The most famous 
of these is still to be seen in the Teyler Museum in Haar- 
lem. Pater Beccaria, some one hundred and thirty years 
ago, by using such machines found that metals could be 
“revivified’^ reduced) from their calces (oxides) 

when the electric spark was passed between two pieces. 
In this way he obtained zinc and mercury. Some time 
later Priestly investigated the action of the electric 
spark on air and observed that an acid was produced; he 
mistook this for carbonic acid, until Cavendish recognised 
it as nitric acid. Van Marum studied the behavior of sev- 
eral other gases in this path of the electric spark (which 
led him to notice the formation of ozone), and made ex- 
periments also by passing the spark through liquids. Be- 
fore him, Priestley had discovered that in oil and ether 
the electric spark produces gas, and proved that this gas 
contained hydrogen. 

The first actual electrolysis was made by Deimann and 
Paets van Troostwyk in Haarlem in 1789, in which they 
successfully decomposed water into hydrogen and oxygen. 
In their experiments the water was contained in a cylin- 
drical tube closed at the top, and having a metal wire 
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sealed into its tipper end. Another metal wire was intro- 
diicx*dJiito , the lower end of the tube, which dipped into 
a basin of water. When the' sparks struck Ihruugii the 
v/ater, bubbles of gas were disengaged from tiic ductal 
wires, and,, rising in the tube, ■ gradually displaced tlu? 
water. As soon as the column of water sank below the 
upper electrode the gas, which was a mixture of hydrogen, 
and oxygen, exploded. This -experiment was later re-- 
peated by Ritter, using silver wires and. a .solution 'of a. 
silver salt, and he observed that the negative pole becaiii'e' 
coated with precipitated ■sl-Iver. '' On' changing the poles^ 
silver was dissolved from one and deposited on the other" 
(now the negative pole). In Deimann'^s- experiment, oxy- 
gen and hydrogen were ' simultaneously formed both at the 
positive and at the negative poles, so that the process was 
not a true electrolytic one like that of Ritter's. 

The whole state of the science was changed in a great 
degree by the discoveries of Galvani, and particularly by 
those of Volta. In 1795, Volta arranged the metals m a 
series according to their behavior in galvanic experi- 
ments, and in 1798 Ritter showed that the same series is 
obtained when the properties of the metals to separate 
other metals from their salt solutions are compared 

“After the introduction of Volta’s pile (in 1800) the 
physiological and optical phenomena were less stiidiedT 
remarks Sven Arrhenius in his Text Book of Electric 
Cliemistry,’ “and more attention was paid to the chemi- 
cal actions. As opposed to the electricai machines, these 
piles gave large quantities of 'electricity at a compara- 
tively low potential Nicholson .and Carlisle, in 1800, stud- 
ied the evolution of oxygen and. hydrogen in salt solutions^ 
at immersed gold ele.ctrodes’ which, were connected with 
the poles of a voltaic pile, and observed that litmus in llie 
neighborhood of the positive pole, was turned red by the 
acid produced there. 

“Some years later Davy made his' -brilliant electro-cliem- 
ical discoveries. He succeeded in decomposing the oxides* 
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of the alkali and alkaline earth metals, which had previ- 
ously been regarded as elementary substances, and in ore 

p.r,ng the pore mlak, Forthet progre.s i„ 4tain£. 4, 
tltHtcultly reducible mtals in this way 

made by Bunsen and his pupils/^ 

discovery of the alkali metals 
Berzelius was just beginning his scientific investigations 
In one of the first of these, carried out jointty S 
Hisingei, he studied the action of the electric current 
upon solutions of various inorganic substances, resulting 

Sorv “V electrochemical 
y. This theory dominated the science of chemistry 
tor many decades. According to it, each chemicara onT 
t^dien in con act with another, possesses, like a magnrt 

.L of electronegative pole. Moreover 

one of these poles is usually much stronger than the other' 
Consequently, an atom behaves as if it possessed but one 
pole, either electropositive or electronegative accordino- 

m strength. The magnitude and sign of this resultant 
polarity upon the atoms of a given element determines its 
chemical behavior. _ If, for instance, the atoms ofan e£ 
ent aie electropositive, it will react with elements whose 
atoms are electronegative, and conversely. During this 
rtaction the two kinds of electricity neutralize each other 
more or less completely according to the degree of in- 
21 I existing between the positive and negalve charges 

not take neutralization does 

not take place the resulting compound itself is electro- 

electropositive 

re greater or less than the electronegative charges upon 
the component atoms. Compounds which thus ^sess a 

J^y then enter into further combina- 
tions with each other, m such a way as to form a com- 

TW neutral, 

thus the theory explains not only the formation of sim- 
ple compounds from their elements, but also the forma- 
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tioii of complex compounds, such as double salts, from 
their component simple compounds. According to this 
theory, chemical and electrical processes are closely re- 
lated, and all compomids have a dualistic nature, being 
formed of an electropositive and an electronegative com- 
ponent This theory is therefore knovfe'H as the electro- 
chemical or dualistic theory. It was applied Ihroiighotit 
the domain of inorgtuiic chemistry, which at that time 
was practically the entire science of chemistry, and aitho 
it contained many arbitrary assumptions it performed a 
great service to science because of its systematizing inllu- 


ence. 

For several decades after the estabhshiiierit c^f the 
dualistic theory no. considerable advance was made In 
electrochemistry. This lack of progress w^as soon counter- 
balanced by the important discoveries which were made 
by Faraday about the year 1835. He was the fir>t to show 
that whether electricity is produced by friction or by 
means of a voltaic pile it is capable of producing the 
same effects. This fact convinced him that there exists 
but one kind ox positive and one of negative electricity. 
He next attempted to discover a relation between the 
quantity of electricity flowing through a circuit and the 
magnitude of the chemical and magnetic effects which it 
could produce. His results may be expressed as follows: 

The magnitude of the chemical and magnetic effects 
produced in a circuit by an electric current is propor- 
tional to the quantity of electricity which passes through 
the circuit. 

A further discovery , was made by Faraday by com- 
paring the quantities of different substances in solution 
which are decomposed by the same, quantity of electricity. 
This comparison may be made in- a very simple manner 
by connecting into one circuit a series of solutions of dil* 
ferent substances so tliat the same quantity of electricity 
passes through each solution. Tlie,. chemical decomposi* - 
tion produced by , the electric current m each solution . 
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be determined by ■ analysis. The results obtained 
may be summarized as follows: 

The quantities of the different substances which sep- 
arate at the electrodes throughout the circuit are directly 
proportional to their equivalent weights, and are inde- 
pendent of llie concentration and the temperature of the 
solutions, the size of the electrodes, and all other circum- 
stances. 

Those wlio first recognised the decomposition of water 
by the electric current sought an explanation for the sim- 
ultaneous appearance of hydrogen at one electrode and 
of oxygen at the other. It was not until 1805, however, 
that a comprehensive theory for this phenomenon was 
put forward. During that year such a theory was pub- 
lished by Grotthus. According to this theory the electric 
current charges one electrode positively and the other 
negatively, and these charged electrodes then exert an 
electrical influence upon the water molecules. Under this 
influence the water molecules acquire a polarity, the hy- 
drogen atom becoming charged with positive and the 
oxygen atom with negative electricity. The positive elec- 
trode then attracts the negatively charged oxygen atom, 
and the negative electrode the positively charged hydro- 
gen atom, causing the water molecules to arrange them- 
selves in a row or chain. 

As science gradually developed, the imperfections of 
the theory advanced by Grotthus became more and more 
apparent According to this theory the splitting of the 
molecule, which is necessary for the conduction of elec- 
tricity, cannot take place until the electromotive force is 
sufficiently great to overcome the affinity or cohesion be- 
tween the two components of a given compound. As a 
matter of fact, however, it was found that, under suitable 
conditions of experiment, it is possible to cause an electric 
current to pass through a solution even when the electro- 
motive force of the current is extremely small. 

Oausius was the first to direct attention to the dis- 
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agreement of ilic Grctthits theory or conception of 
trolysis with facts. Basing Ills conclusions ‘apon the ex-* 
perimental results already obtained, he declared ‘Tverf 
assiinipucii to be inadmissible which requires the 
ccnililion of a solution of an electrolyte to be one of txini- 
librium,, in which every positive ion is firmly oiiiilji.runl 
with its negative ion, and which at the same time 
the action of a definite force in order to change this' 
flition of equilibrium into another differing from it only 
in that some of the positive ions have combined with cadier 
negative ions ..than those with' which they were forr/irrljr 
combined. Every such assumption is in contradiction tr$ 
OhmT law.”' , 

At, about the same time that Clausius advanced lliis 
theo,ry Hittorf began work upon the migration of the 
ions, and a little later Kohlrausch commenced experimenls 
upon the electrical conductance of solution. The work of 
these investigators greatly increased the knowledge of 
the process of electrolysis. Making use of their work, 
Arrhenius, in 1887, replaced the theory of vibrating ions of 
Clausius by the theory of free ions,/ 

According to the material conception of electricity^ aS' 
ion may be considered to be a compound of positive or 
negative electrons with the ele'ment in question. Tfie 
formation of an Ion is, then, entirely analogous to the 
formation of a compound from two ordinary elements. 
For instance, in the formation of ions from sodium iodide 
the sodium atoms combine wllh "positive and the iodine 
atoms with negative electrons. This conception is veiy 
comprehensive, for according to -it the law of electro- 
chemical change. (Faraday^s law) ' appears as a conse- 
quence of tlie law^s of definite and multiple proportion. 
Altho the theory of electrolytic dissociation was not spared 
great opposition in its early years, it has successfully ad- 
vanced until at the present time by far the greater iitmi- 
ber of investigators accept it and recognise its value, 

'It would be impossible': to give in- a few words a clear 



254 ELECTRICITY 


conception of all the reasons which led Arrhenius to adoot 
his npw almost universally accepted views,” sayc Lan^ 
bein m his ‘Electro-Deposition of Metals,’ “and a short 
statement of these views must, therefore, suffice. He dis 
covered that according to the degree of dilution and the 
nature of their combination, salts in aqueous solutions 
are to a more or less far-reaching extent decomposed into 
independent portions, t.e., the ions, and the term electro- 
^ pbenomenon. 

nn^Ti!^ conibinations which dissociate-are decomposed 
and thus form ions— can be conductors of the current the 
progressive motion of the latter being solely taken care of 
and effected by the ions. The ions are supposed to £ 
charged with a certain quantity of electricity — the kath- 
lons with positive, the anions with negative, electricity— 
and so long as current passes through to the electrolyte 
they move free in the latter. However, when a current is 
conducted through the electrolyte, the ions are attracted 
electrodes, the positively-charged kathions by the 
negatively-charged cathode, and the negatively-charged 
anions by the positively-charged anc 'e. By reason ^of 
these movements of the ions to the electrodes this phj 
migration of the ions. ^ 

I he ions, on reaching the electrodes, are freed of their 
charge, *-c., tney yield their electricity to the electrodes 
They lose thereby their ion nature, being transformed by 
Aeir separation on the electrodes into the ailotropic or iso- 
meric foim of the element or combination.” 

ercd the fr I™" 1-f P”® discov- 

ered, the fr^t modification was to immerse the plates of 

copper and zinc in the liquid. This arrangernem gave 

original pile 

Vo ta arranged the cells in a circle and called such a 
battery a crown of cups.” In 1806, the Royal Institution 
f London became possessed of a battery of 2000 ele- 
^nts on the trough system. It was with this apparatus 
at Davy succeeded in decomposing potash and soda 
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This simple type of cell would, however, only work for ...a 
short time on accoimt of the collection of bubbles .of. gas on 
the plates; ke., :t!ie cells became '‘polarized/’ ^ Becquerei 
studied this effect and succeeded in overcoming it to a 
great extent in 1829, by employing two different liquids 
separated by^ a porous partition, ■each of which enclosed 
one of the electrodes. In 1863, Professor Daniell mver:i.:d 
the ceil known by his name and which is one of 'the^most 
constant current cells ever made, altho not so powerful as 
some. The zinc and copper electrodes are here separated 
by a jar of porous earthenware, the zinc being surroundea 
by dilute sulphuric acid 'and the copper by a saturated 
solution of sulphate of copper* This latter soliiticn is 
the “depolarizer/’ acting to prevent the-, bubbles' of hy- 
drogen from collecting on the copper phate, as wotild^be 
the case in the simple cell. Instead of hydrogen being 
thrown out at the copper pole, copper is deposited from 
the sulphate of copper depolarizer so that this solution 
becomes constantly w^eaker and the copper heavier. To 
prevent the weakening of the sulphate crystals are added 
occasionally. This battery has been much employed in 
telegraphic work. A form of this cell, known as the 
“gravity’’ cell, has been much used for this purpose, the 
porous partition having here been done away with, and 
the separation of the liquids effected by the difference 
in their densities. 

In 1839, Grove introduced a cell in which the depolar- 
izer was strong nitric acid, which surrounded a platinum 
plate. This is a much more powerful depolarizer than sul- 
phate of copper and the cell was very energetic. It had, 
however, the disadvantage of high cost and gave off dis- 
agreeable fumes. The first drawback was overcome by 
Professor Bunsen, in 1843, who substituted for the platin- 
um plate one of gas-retort carbon. The fumes, however, 
still remained. This battery was useful to the early ex- 
perimenters, as it furnished a strong and constant current. 

Another good depolarizer is chromic acid. This is used 
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..-ti -<5e same manner as nitric acid in the carbon-zinc ccl' 
•af Runsen. It does not, however, give oif fumes and vet 
ainiost as powerful as the Bunsen cell. Various form<! 
<oi this cell have been made and they have been extensivelv 
ffised, especially for telephone work. They deteriorate 
Mfy slightly on standing. ^ 

Perhaps the rnost extensively used primary cell is the 
EeUanche. Tins is also a zinc-carbon cell, but sal-am- 
moniac is used to replace the sulphuric acid of the preced- 
’Jng cells and the depolarizer is the black oxide of man 
^nese. This depolarizer is slow in its action and the cell 
therefore, not good for constant current work but it 
lias a very slow rate of deterioration. This cell is verv 
^tensivejr manufactured in the “dry” form in which the 
cxcitmg fluid IS held as a moist paste. The cell is not 
CTtirely dry, however, as is sometimes supposed for if it 
dries out It ceases to work. ' " 

of the most recent primary cells as well as the best 
as the zinc-copper-oxide cell of Lalande. In the Edison 
form of this cell, the copper oxide is pressed into plates 
and mounted in the cell between two zinc dates Th« 
Md is c.„s,ic potash. The cipe? oSa ac, 

M the depolarizer and is reduced to metallic copper The 

s ors7.„'S"'-T\“ “ 'T “■* 

rare on standing. Thousands are now in use for such 
mrk aa operating railway signals, sparking gas engines, 

Volto pilT -SerXformXoro'? ^slX” “ 
grated by moist he femmL 'tekl 

first pHe. of the 

This current was of but short duration, and the electro 

g in 1826, De la Rive also found that a secondaryr 
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or inverse ctir rent, could be obtained from plates of ' plati- 
niini upon which oxygen and hydrogen had. been disen- 
gaged in the experiment of the decomposition of water by 
a battery. This , phenomenon took the .name of ‘polariza- 
tion of the electrodes^ and the current itself that of the 
%irrent, of polarization/ 

After that, secondary currents were the object of many 
researches made by physicists, among whom may be men- 
tioned I'araday, Grove, Wheatstone, Poggendorff, E. Bec- 
querel and Gaugian. In 1859, Gaston Plante studied the 
indiience of different metals and different liquids on the 
production of secondary currents, and on their intensity. 
Since that date the question has assumed great import^' 
ance, having received scientific and practical applications, 
due mainly to the researches of this acute observer. 

Pie experimented on voltameters with wires of copper, 
silver, tin, aluminum, iron, zinc, gold and platinum, and 
for each of them varied the nature of "ihe liquid into which 
the electrodes were placed. He found that “all tlie metals 
oxidizing at the positive pole of (he cell, the secondary 
current, obtained after the interruption of the primary 
current, was as much more intense as the oxidation was 
more complete, it the oxide formed remained adherent and 
insoluble in the acidulated liquid of the voltameter.^’ Even 
gold and silver did not resist the action of the oxygen of 
the pile: they were covered with dark deposits of oxide, 
and furnished an energetic secondary current. Platinum 
did not oxidize, it is true, in a visible manner, but the 
secondary inverse current was of shorter duration than, 
that of the metals which were covered with a layer of ad- 
herent oxide ; an effect which was explained by the rapid 
decomposition of the oxygenated water produced around 
the positive electrode of the voltameter. The action of 
the hydrogen was, on the other hand, stronger with plati- 
num than with all the other metals, for the electrode 
around which this gas was disengaged furnished, with an- 
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> ‘-ee liquid, 
such a 
current, 
and a half: 
iiiost eoer- 
insen. This 


other neutral electrode, a more intense secondary current 
than when any other metal was employed ' • 

The most important result of these interesting, re 
searches is that which assigns the greatest int-^'r.-dtv to the 

secondary current produced by a vclfame 

tiodes of lead, and dilute sulphuric Ret'] 

Measuring the electromotive force deveki 
voltameter, after the rupture of the crii 
Plante found that it was equal to about r- 
times (more exactly, 1.48-1.49) that of tf 
getic voltaic element, such as a Grove or t 
suggested the idea of constructing seconuarv cells '■nd 
uniting them in a battery, so as to store up or accumuSe 
t .e work of the voltaic pile, in the same wav that stati- 
electricity is condensed by the aid of conductor, Irtt 
surface separated by an insulating material ’ 

I he action in a storage cell is as follows. When the 
c.iarged the positive plate consists of lead pe- 
roxide and the negative of pure lead in a spongy condi- 
tion. When the ceil discharges, both plates becomLa fSrm 
of lead sulpnate. Upon being charged by havin? a reverse 
current sent through them, they are r'eformeci intriead 
peroxiQc and sponge lead. If the plates weiv p’atinum ' 
oxygen would be given off where the current'enters ^d 
iydiogen where it leaves, but with the lead sulphate plates 

Storage cells have many uses. They are employed in 

loS^on't^ equalize the 

load on the machinery, serving to help . the engines ca- 

tric not strained. Elec- 

tric automobiles are largely used, but the weight of the 

Thlniso find J other excellent qualities, 

dustrial Ln lighting trains, operating in- 

iS? “‘I is^*- 



i 


CHAPTER VIII 

THE TELEPHONE 

In 1854 a Frenchman, Charles Bourseui, predicted the 
transmission of speech, and outlined a method correct save 
in one particular, but for which error one following his 
directions could have produced a speaking telephone. His 
words at this date seem almost prophetic: 

‘T have asked myself, for example, if the spoken word 
itself could not be transmitted by electricity; in a word, 
if what was spoken in Vienna may not be heard in Paris. 
The thing is practicable in this way : 

“Suppose that a man speaks near a movable disk, suf- 
ficiently flexible to lose none of the vibrations of the voice ; 
that this disk alternately makes and breaks the connection 
from a battery; you may have at a distance another disk 
which will simultaneously execute the same vibrations.” 

The words “makes and breaks” in Bourseurs quotation 
have been italicized by the present writer. They form the 
keynote of the failures of those who subsequently followed 
BourseuFs directions literally. 

Philip Reis, a German inventor, constructed what he 
called a telephone in 1861, following implicitly the path 
outlined by Bourseul. He mounted a flexible diaphragm 
over an opening in a wooden box, and on the center of 
the diaphragm fastened a small piece of platinum. Near 
this he mounted a heavy brass spring, with which the 
platinum alternately made and broke contact when the 
diaphragm was caused to vibrate. These contact points 
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formed tlie terminals of a circuit containing a batt-:*7 and 
the .receiving instrument. His receiver assumed vJrious 
forms, prominent among which was a knitting iiec-Jt? 
wrapped with silk-insulated copper wire and mounted cr 
a cigar boz for a sounding board. Its operation was as 
follows ; 

^The sound waves set up in the air struck against the 
diaphragm of the transmitter, causing it to vibrate in 
unison with them. This caused the alternate making and 
breaking of the circuit at the point of contact between the 
platinum and the spring, and allowed intermittent cur- 



rents to flow through the receiver. These caused a series 
of sounds in the knitting needle by virtue of Tage's ef- 
fect' The sounding board vibrated in unison with the 
molecular vibrations of the needle, and the sound was 
thus greatly amplified. 

Reis’ telephone could be depended upon to transmit 
only musical sounds. The question as to whether it 
actually did transmit speech has been the subject of much 
discussion, but if it did this at all it was very imper- 
fectly. “The cause of its failure,” says K. B, Miller ia 
his 'American Telephone Practice,’ “to successfully trans- 
mit speech will be understood from the following facts : 
A simple musical tone is caused by vibrations of very 
simple forms, while sound waves produced by the voice in 
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speaking are very complex in their nature. Sotmd pos- 
sesses three qualities: pitch, depending entirely on the 
frequency of the vibrations; loudness, depending on the 
aitiplitiide of the vibrations; and timbre, or quality, de- 
pending oh the form of the vibration. The tones of a 
flute and a violin may be the same as to pitch and loudness 
and yet be radically different. This difference is in tim- 
bre, or quality.^" 

Reis^ transmitter, as he adjusted it, was able only to 
make and break the circuit, and a movement of the dia- 
phragm barely sufficient to break the circuit produced the 
same effect as a much greater movement. The current 



Fig. 32 —Sound Waves of Voice and Simple Musical Note. 

(From Miller’s American Telephone Practice.) 

therefore flowed with full strength until the circuit was 
broken, when it stopped entirely. The intermediate 
strengths needed for reproducing the delicate modulations 
of the voice were entirely lacking. This apparatus could 
therefore exactly reproduce the pitch of a sound, but not 
its timbre and relative loudness. For the next fifteen 
years no apparent advance was made in the art of tele- 
phony, altho several inventors gave it their attention. 

In 1876 Professor Alexander Graham Bell and Pro- 
fessor Elisha Gray almost simultaneously invented suc- 
cessful speaking telephones. Gray has been one of the 
principal claimants for the honor of being the first inven- 
tor of the telephone, but Bell has apparently established hk 
right to it, and has also reaped the profit, for, after long 
litigation, the United States Patent Office and the courts 
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have awarded the priority to him as against Gray and 

many others. 

Bell possessed a greater knowledge of acoustics than of 
electrical science, and it was probably this that led him 
to appreciate wherein others had failed. His instrument 
consisted of a permanent bar magnet having on one end 
a coil of fine wire. In front of the pole carrying the coil 
a thin diaphragm of soft iron was so mounted as to allow 
its free vibration close to the pole. 

“Two points will be noticed/’ says Miller in the work 
before cited, “which have heretofore been absent; that no 



P'ig* 33 —Bell Telephone as Transmitter and Receiver. 
(From Miller’s American Telephone Practice.) 


battery is used in the circuit and that the transmitting 
and receiving instruments are exactly alike. When the 
soft-iron diaphragm of the transmitting instrument is 
spoken to, it vibrates in exact accordance with the sound 
waves striking against it. The movement of the dia- 
phragm causes changes in the magnetic field in which lies 
the coil, which changes, as already pointed out, cause cur- 
rents to flow in the circuit. These currents flow first in 
one direction and then in the other, varying in unison 
with the movements of the diaphragm, the waves being 
^ry complex as represented graphically. Passing along 
the line wire, these electrical impulses, so feeble that only 
the most delicate instruments can detect them, alternately 
increase and decrease the strength of tbe permanent mag- 





the telephone 

net of the receiving instrument, and thereby cam 
exert a varying pull on its soft-iron diaphragm, wh 

faiSfaliy? reproduces the 


$ 4 - ’Bells Centennial 'Receiver. 


* ; - .V ( Froffl MllleFs 

American Telephoiic Practice.) 

Bell’s _earlier instruments were exhibited in 1876 at the 
Centennial in Philadelphia. The receiver consisted of a 
tubular magnet, composed of a coil of wire, surrounding 
a core, and inclosed in an iron tube, which was about 
inches ia diameter and 3 inches long. This tube was 
closed bjr a thin iron armature, or diaphragm, which rested 
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loosely, o» the' upper face of the iron tube, the length of 
the core being 'such as not quite to touch the diaphragm 
when In this position. The whole was mounted on a base, 
arrangements being made to adjust the air gap between 
the, pole of the core and the diaphragm by means of a 
thumbscrew. 

The transmitter consisted of an electromagnet in front 
of the core, on which was adjustably mounted a diapliragni 
of goldbeater's skin carrying a small iron armature at 
its center. A long mouthpiece, into which the sounds to 


Fig. 35 — Bell's Centennial Transmitter. (From Miller’s 
American Telephone Practice.) 

be transmitted were spoken, served to convey the sound 
waves more directly to the diaphragm. 

‘^Nearly all books and articles on telephones," says 
Miller, ‘"that treat of Bell's early receiver at all, show and 
describe it as having the diaphragm fastened at one edge 
by a single small screw to the upper face of the iron tube, 
and sprung away from the tube at its opposite side. This 
mistake occurred in the first two editions of this work, and 
would have been in this one but for Thomas D. Lock- 
wood, who was kind enough to call attention to it. The 
origin of the error is explained in the following inter- 
esting extract from a letter written by Mr. Lockwood to 
the writer of this book : 
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“ Tfiis mistake first appeared in the account given by 
Engineering of Sir William Thomson's address to, the 
British Association in September, 1876, and. has been uni" 
versally copied. The origin o£ the mistake is very odd. 
■The screw of the instrument' given to Sir William, Thom- 
^ son,, and which he exhibited in England on his retiini., was 
put through a hole in the edge of the diaphragm, and en- 
gaged with a threaded hole of the tube, for the purpose 
of attaching the diaphragm wdiile in -transit, to prevent it 
from getting lost. No one, however, notified Sir William 
of this, it probably having been forgotten ; -and Sir William 
seems to have forgotten -what the instrument, as he saw 
it in Philadelphia, looked like. Finally, in kriocking 
about among Sir Willianfs luggage, the, free end of the 
diaphragm was apparently, and without doubt uninten- 
tionally, bent upward, as the picture shows. But when 
so bent, being at the same time rigidly fastened at the op- 
posite edge, it would not and could not work; and when 
Sir William showed it m England he couldn’t make it 
work,' ” 

Bell’s instrument in a modified form is the standard of 
to-day. It is now used as a receiver only, a more efficient 
transmitter, depending upon entirely different principles, 
having been invented. In speaking of Bell’s invention. 
Sir William Thomson, Lord Kelvin, said: ''Who can but 
admire the hardihood of invention which devised such 
very slight means to realize the mathematical conception 
that if electricity is to convey all the delicacies of quality 
wdiich distinguish articulate speech, the strength of its 
current must vary continuously as nearly as may be in 
simple proportion to the velocity of a particle of air en- 
gaged in constituting the sound?’' 

Much has been »id and books have been written on the 
rights 0! Reis as the inventof of the . speaking telephone. 
The validity of Bell’s controlling patent w^as . the subject 
of many aftacks, the litigatio,n :linally . reaching., the Su- 
preme Ccr United States, Tin-'- the opinion of this 
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court {October term, 1887) the following brief but com- 
prehensive statement is found : 

“We have not had our attention called to a single item 
of evidence which tends in any way to show that "Reis or 
any one who wrote about him had it in his mind that any- 
thing else than the intermittent current caused by the 
opening and closing of the circuit could be used to do 
what was wanted. No one seems to have thought that 
there could be another way. All recognised the fact that 
the minor differences in the original vibrations had not 
been satisfactorily reproduced, but they attributed it to 
tl’ic imperfect mechanism of the apparatus used, rather 
than to any fault in the principle on which the operation 
Vi'as to depend. 

“It was left for Bell to discover that the failure was due 
not to workmanship, but to the principle which was 
adopted as the basis of what had to be done. He found 
that what he called the intermittent current- — one caused 
by alternately opening and closing the circuit— could not 
be made under any circumstances to reproduce the deli- 
cate forms of the air vibrations caused by the human 
voice in articulate speech, but that the true way was to 
operate on an unbroken current by increasing and dimin- 
ishing its intensity. , . . Such was his discovery, and 
it was new. Reis never thought of it, and he failed to 
transmit speech telegraphically. Bell did and he suc- 
ceeded. Under such circumstances it is impossible to 
hold that what Reis did was an anticipation of the discov- 
ery of Bell. To follow Reis is to fail, but to follow Bell 
IS to succeed. The difference between the two is just the 
difference between failure and success.” 

A very interesting fact, and one which might have 
changed the entire commercial status of the telephone in- 
dustry. is that in 1868 Royal E. House, of Binghamton, 

N. Y., invented and patented an “electro-phonetic tele- 
graph,” which was capable of operating as a magneto- 
telephone, in the same manner as the instruments subse- 
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quently devised by Bell House knew' nothing of Its ca- 
pabilities,, however, unfortunately for him. The instru-, 
ineiit is, p,rovided with a sounding diaphragm of pine wood 
stiffened with varnish, mounted in one- end of a large 
sound-amplifying chamber, so formed as to focus the 
sound waves at a point near its mouth, where the 'ear was 
to be placed to receive them. The electro-magnet adapted 
to be. connected in the line circuit had its armature con- 
nected by a rod with the center of the wooden diaphragm. 
By this means any movements imparted to t.he armature 
by ffuctiiating currents in the line were transmitted to the 
diaphragm, causing it to give out corresponding sounds ; 
and any movements imparted to the diaphragm by sound 
waves were transmitted to the armature, causing its 
movements to induce corresponding currents in the line. 
Two of these instruments connected in a circuit would 
act alternately as transmitters and receivers in the same 
manner as Bell’s instruments. 

It has been shown that in order to transmit speech by 
electricity it is necessary to cause an undulatory or al- 
ternating current to flow in the circuit over which the 
transmission is to be effected, and that the strength of 
this current at all times be in exact accordance with the 
vibratory movements of the body producing the sound- 
BelFs magnetic transmitter was used as the generator 
of this current, as a dynamo, in fact, the energy for driv- 
ing which was derived from the sound waves set tip by the 
voice. The amount of energy so derived was, however, 
necessarily very small and the current correspondingly 
weak, and for this reason this was not a practical form of 
transmitter, except for comparatively short lines, 

Elisha Gray devised a transmitter which, instead of 
generating the undulatory current itself, depended for 
its action on causing variation in the strength of a cur- 
rent generated by some separate source; this variation is 
current strength always being in accordance wiMi the 
movements of the diaphragm. 
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He mounted on his horizontal vibrating diaphragm a 
metai needle, extending into a fluid of low conductivity, 
such as water. The needle formed one terminal of the 
circuit, the other terminal being a metal pin extending; 
up through the bottom of the containing vessel. The vi- 
bration of the diaphragm was supposed to cause changes 
in the resistance of the path through the fluid on account 


.36 '—Bell’s Centennial Fig. 37 — Be.rliner*s 

i-IQUID fRANSMiTTER. TRANSMITTER. 

(From Miller’s American Telephone Practice.) 

of the varying distance between the points of the elec- 
trodes and therefore corresponding changes in the 
strength of the current. 

^ Bell also used a liquid transmitter in which a conduct- 
ing liquid was held in a conducting vessel, forming one 
terminal of the circuit The other terminal was a short 
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metallic seedle^ carried on the diaphragm, and projecting 
slightly into the liquid, so that the area, of contact between 
the liquid and the needle would be varied to better advan- 
tage by the vibration of the diaphragm than if the needle 
were immersed a greater distance into the fluid. 

BelFs liquid transmitter depended on variation in the 
extent of immersion of the electrode, w^hile Gray's in- 
strument, owing to the great extent to which the pin was 
immersed, depended rather on the variation in the length 
of the conducting path through the liquid itself, a faulty 
principle for this purpose. 

BelFs liquid transmitter was also exhibited at the 
Philadelphia Centennial in 1876, and, unlike that of Reis, 
simply caused variations in the resistance of the circuit, 
and thereby allowed a continuous but undulatory current 
to pass over the line, the variations in which were able to 
reproduce all the delicate shades of timbre, loudness and 
pitch necessary in articulate speech. 

Gray and Bell embodied, or attempted to embody, in 
these instruments the main principle upon which all suc- 
cessful battery transmitters are based. A battery fur- 
nished the current, and the transmitter, actuated by the 
voice, served to modulate it. It was not long, however, 
before a much better means was devised for putting this 
principle into practice. 

In 1877 Emile Berliner, of Washington, D. C., filed a 
caveat, and later in the same year applied for a patent 
on a transmitter depending upon a principle pointed out 
in articles published in 1856, 1864 and 1874 by the French 
scientist Du Moncel, that if the pressure between two 
conducting bodies forming part of an electric circuit be 
increased, the resistance of the path between them will be 
diminished, and conversely, if the pressure between them 
be decreased, a corresponding increase of resistance will 
result : ' ^ ’ 

Berliner's transmitter is shown in principle in Fig. 37? 
which is a reproduction of the principal figure in his now 
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famous patent. In this A is the vibratory diaphragm of 
metal, against the center of which rests the metal ball, C 
carried on a thumbscrew, B, which is mounted in the 
standard, d. The pressure of the ball, C, against the 
plate, A, can be regulated by turning the thumbscrew. 
1 he diaphra^ and ball form the terminals or electrodes 
of a circuit, including a battery and receiving instrument. 
The action of this instrument (which at best has never 
been satisfactory or commercial) is as follows: When the 
diaphragm vibrates, the pressure at the point of contact 
a becomes greater or less, thus varying the resistance 
ot the contact and causing corresponding undulations in 
the current liowing. 

Soon after this Edison devised an instrument usinsr 
carbon as the medium for varying the resistance of the 
circuit with changes of pressure. Edison’s first type of 
carbon transmitter consisted simply of a button of com- 
pressed plumbago bearing against a small platinum disk 
secured to the diaphragm. The plumbago button was 
held against the diaphragm by a spring, the tension of 
which could be adjusted by a thumbscrew. 

A form of Edison’s transmitter, devised by Georee M 

evice proper is shown m the small cut at the right of 

If !i, inclosed in a cup-shaped case formed 

fLl^^fTt, ?’ Secured to the 

front of the enlarged head, e, of the adjustment screw, 

is a thin platinum disk, F, against which rests a cylin- 
rfa? ‘=°®P’‘essed lampblack. A plate of 

glass, I carrying a hemispherical button, K, has at- 
tached to Its rear face another platinum disk, H. This 

LmnW against the front face of the 

lampblack disk, G, and the button, K. presses firmly 

Kfm The plates, F and 

nhVaLr, n ^ if’minals of the transmitter, and as the dia- 
phragm, D, vibrates, it causes variations in the pressure 
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and corresponding changes in the resistance of tile cir- 
cuit, thus producing the desired undulations of current ; 

Professor David B. Hughes made a most valuable con- 
tribution tending toward the perfection of the battery 
transmitter* By a series of interesting experiments he 
demonstrated conclusively that a loose contact between 
the electrodes, no matter of what substance they are com- 
posed, is far preferable to a firm, strong current. The 
apparatus used in one of his earlier experiments, made in 
1878, is shown in Fig. 39, and consists simply of three 
wire nails, of which A and B form the terminals oi the 



Fig. 38 — -Phet.ps-Edison Transmitter. (From Miileris 
American Telephone Practice.) 

circuit containing a battery and a receiving instrument. 
The circuit was completed by a third nail, C, which was 
laid loosely across the other two. Any vibrations in the 
air in the vicinity caused variations in the intimacy of 
contact between the nails, and corresponding variations 
in the resistance of the circuit. This was a very ineffi- 
cient form of transmitter, but it demonstrated the princi- 
ple of loose contact very cleverly. 

It was found that carbon was, for various reasons, by 
far the most desirable substance for electrodes in the 
loose-contact transmitter, and nothing has ever been found 
to approach it in efficiency and desirability. 



Fig. 39 —Hughes’ Cahbow akd Nail Micro 
ivlillers American Telephone Prai 

^ Of mariMloiis delicacy and is well tern 
The slightest noises in its vicinitj', and evc. ... 

Sect! i^r^lf 

ettects in the receiving instrument ‘ 

of instrament is, in fact, too delicate ’fo^ 
as any jar or loud noise will 
contact and produce deafening : 

JMearly all carbon transmitters of 
contact type, this having entirely ' 
devised by Edison. 


tnicrophone. 
>se, incapa- 
surprising 
This particular , form 
-- ordinary use, 
cause the electrodes to break 
noises in the receiver, 

: to-day are of the loose- 
, superseded the first form 
which was then supposed to depend 


THE TELEPHONE 



I 

I 



,273 


on. the aetna! resi,stance of a carbon 'block being changed 
under varying ..pressure. 

In speaking of Professor Hughes' work on loose con- 
tacts and the ^ microphone, the Telegraph Journal and 
Electrical Review, an English ■ electrical paper, says .in 
its issue of July i, 1878: microphone is a striking 

.. illustration of the truth that in science any phenoni.enon 
whatever may be turned to account The trouble of one 
generation of scientists may be turned to the honor and 
service of the next. Electricians have long had sore 
reasons for regarding a ‘bad contact’ as an unmitigated 
nuisance, the instrument of the evil one, with no con- 
ceivable good in it, and no conceivable purpose except 
to annoy and tempt them into wickedness and an ex- 
pression of hearty but ignominious emotion. Professor 
Hughes, however, has, with a wizard’s power, trans- 
formed this electrician’s bane into a professional glory 
and a public boon. Verily^ there is a soul of virtue in 
things evil.” 

Professor Plughes, in an article in Nature, June 27, 
1878, thus describes the conditions necessary for micro- 
phonic action: “If the pressure on the materials is not 
sufficient, we shall have a constant succession of inter- 
ruptions of contact, and the galvanometer needle will in- 
dicate the fact. If the pressure on the materials is grad- 
ually increased the tones will be loud but wanting in 
distinctness, the galvanometer indicating interruptions; 
as the pressure is still increased, the tone becomes clearer, 
and the galvanometer will be stationary when a maximum 
of loudness and clearness is attained. If the pressure 
be further increased, the sounds become weaker, tho very 
clear, and, as the pressure is still further augmented, the 
sounds die out (as if the speaker was talking and walk- 
ing away at the same time) until a point is arrived at 
where there is complete silence.” 

Only one radical improvement now remains to be re- 
corded. In 1881 Henry Runnings devised a transmitter 


I 






wliereiii tie variable resistance' medium consisted of a 
mass of finely divided carbon granules held between two 
conducting plates. His transmitter is sbown in Fig. 40. 
Between the metal diaphragm, A, and a parallel conduct- 
ing plate, B, both of which are securely mounted in a 
case formed by the block, D, and a mouthpiece, F, is a 


Fig. Granular Carbon T»AwsMiTTaR. (From 

Millers American Telephone Practice.) 

chamber filled with fine granules of carbon, C. The dia- 
phragm, A, and the plate, B, form the terminals of the 
transmitter, and the current from the battery must there- 
fore flow through the mass of granular carbon, C. When 
the diaphragm is caused to vibrate by sound waves, it is 
brought into more or less intimate contact with the car- 
bon granules and causes a varying pressure between them. 
The resistance offered by them to the current is thus 
varied, and the desired undulations in the current pro- 
duced. This transmitter, instead of having one or a few 
points of variable contact, is seen to have a multitude of 
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them. It can carry a larger current without heating, and j 

at the same time produce greater changes in its resistance, 

than the forms previously devised, and no ordinary sound 

can cause a total break between the electrodes. These 

and other advantages have caused this type in one form | 

or another to largely displace all others. . I 

At first the practice was to put the transmitter, together A 
with the receiver and battery, directly in circuit with the 
line wire. With this arrangement the changes produced 
in the resistance by the transmitter were small in com- 
parison with the total resistance of the circuit, especially 
in the case of a long line, and the changes in current were 
therefore small Edison remedied this difficulty by using 
an induction coil in connection with the transmitter. 

The induction coil used then and now is made as fol- 
lows: Around a core formed of a bundle of soft-iron' 
wires is wound a few turns of comparatively heavy in- 
sulated copper wire. Outside of this, and entirely sep- 
arate from it, is wound another coil consisting of a great 
number of turns of fine wire, also of copper, and insulated. 

The transmitter, together with the battery, is placed in a 
closed circuit with the coarse winding of a few turns, 
while the fine winding of many turns is included directly 
in circuit with the line wire and the receiving instrument. 

The coarse winding is usually termed the primary wind- 
ing, because it is associated with the primary source of 
current, the battery; while the fine winding is usually 
termed the secondary winding, because the currents flow- 
ing in it at the transmitting station are secondary, or 
induced currents. In coils of this kind the coarse wind- 
ing is almost invariably termed the primary for the above 
reason, altho many conditions exist in electrical work and 
in telephone work where the high-resistance winding is 
in reality the primary coil 

The circuit arrangement spoken of is shown in Fig. 41, 
in which T is a transmitter, B a battery, P and S primary 
and secondary windings, respectively, of an induction coil. 
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L', If tlie line wires, and R the receiving instrument It is 
well to state here that the usual way of indicating the 
primary and secondary of an induction coil in diagraphic 
representation of electrical circuits is by an arrangement 
of two adjacent zigzag lines, as shown in Fig. 41. A 
current flowing in the primary winding of the induction 
coil produces a field of force in the surrounding space, 
and any changes caused by the transmitter in the strength 
of the current produce changes in the intensity of this 


field. As the secondary winding lies in this field, these 
changes will, by the laws of Faraday and Henry, cause 
currents to flow in the secondary winding and through 
the line wire to the receiving instrument. In good induc- 
tion coils the electro-motive forces up in the secondary 
coil bear nearly the same ratio to the changes in electro- 
motive force in the primary coil as the number of turns 
in the secondary bears to the number of turns in the 
primary. 

The use of the induction coil with the transmitter ac- 
complishes two very important results: First, it enables 
the transmitter to operate in a circuit of very low re- 


Fig. 41 — Transmitter With Induction Coil. (From Miller’s 
American Telephone Practice.) 
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sistancc, so that the changes in the resistance prodtico! by 
the transmitter bear a very large ratio to the total re- 
sistance of the circuit. This advantage is well illustrated 
by contrasting the two following cases: 

Suppose a transmitter capable of producing a change 
of resistance of one ohm be placed directly in a line cir- 
cuit whose total resistance is 1,000 ohms; a change in 
the resistance of the transmitter of one ohm will then 
change the total resistance of the circuit one one-thou- 
sandth of its value, and the resulting change in the cur- 
rent flowing will be but one one-thousandth of its value. 
On the other hand, suppose the same transmitter to be 
placed in a local circuit, as above described, the total re- 
sistance of which circuit is five ohms ; the change of one 
ohm in the transmitter will now produce a change of 
resistance of one-fifth of the total resistance of the cir- 
cuit, and cause a change of one-fifth of the total current 
flowing. It is thus seen that fluctuations in the current 
can be produced by a transmitter with the aid of an in- 
duction coil which are many times greater than those 
produced by the same transmitter without the coil. 

The second advantage is that by virtue of the small 
number of turns in the primary winding and the large 
number in the, secondary winding of the induction coil, 
the currents generated in the secondary are of a very 
high voltage as compared with those in the primary, thus 
enabling transmission to be effected over much greater 
length of line, and over vastly higher resistances than 
would be possible if the transmitter were forced to vary 
the current flowing through the entire length of the line. 

Neither the telephone receiver nor the transmitter have 
undergone any radical changes since their early days. 
Various minor details have received the attention of en- 
gineers and inventors, but the magneto-telephone is still 
the receiver and the variable resistances of the carbon 
contacts the means of transmission. 

The principal developments have been in the means 
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of mtcrcommtiiiication* The " growth of the telephone 
industry has been very rapid, and from being a luxury 
the telephone has become a business necessity. The ten- 
dency has been toward the simplification of the sub- 
scriber’s station and the improvement of the central office. 
The battery current for talking is now supplied in concen- 
trated communities from the central station. Consider- 
able trouble formerly was experienced through the de- 
terioration of the battery at the subscriber’s station. 

The telegraphone or telephonograph is an instrument 
which records magnetically sounds produced at a distance 
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■Poulsen's Telegraphone. (From Standard Handbook 
for Electrical Engineers.) 


It was originated by Mr. Poulsen, a Danish inventor. 
Fig. 43 sho\¥S the essential parts. Either a steel band is 
used or a long steel wire rolled from one drum to the 
other under the recording magnet, which receives the talk- 
ing currents and engraves them magnetically upon the 
steel wdre. To reproduce the message it is only necessary 
to pass the steel wire under a reproducing magnet con- 
nected to a telephone receiver, the reproduction being 
very perfect. The message may be erased from the wire 
by means of the obliterating magnet supplied with an 
alternating current 
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ELECTRIC RAILWAYS 


Altho the earliest recorded experiments date back 
three-quarters of a century, the electric railway is essen- 
tially of modern development, for it achieved a recognised 
position less than twenty years ago, long after the tele- 
phone, the arc and incandescent lamp, and the stationary 
electric motor had been thoroly established. This is but 
natural, for it is the logical outcome of the establishment 
of certain cardinal principles and practices in the kindred 
arts. 

The first roads to carry passengers commercially were 
built in Europe, but the first railway experiments and 
the modern commercial impetus, as well as most of the 
essential and distinctive features of the art as it stands 
to-day, an example of almost unprecedented industrial 
development, are distinctively American, as Frank J. 
Sprague pointed out in his paper before the Electrical 
Congress of 1904? from which much of the following mat- 
ter is taken. 

Brandon, Vt, birthplace, and Thomas Davenport, black- 
smith, father, are the names first on the genealogical tree 
of the electric railway, in the year 1834. A toy motor, 
mounted on wheels, propelled on a few feet of circular 
railway by a primary battery, exhibited a year later at 
Springfield, and again at Boston, is the infant’s photo- 
graph, This was only three years after Henry’s inven- 
tion of the motor, following Faraday’s discovery, ten 
, , 280 
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years earlier, that electricity could be used to produce 
continuous motion. 

The records of Davenport's career, unearthed by the 
late Franklin Leonard Pope, show this early inventor 
a man of genius, deserving a high place in the niche of 
fame, for in a period of six years he built more than a 
hundred operative electric motors of various designs, many 
* of which were put into actual service, an achievement, 

taking into account the times, well nigh incredible. 

For nearly two score years various inventors, handi- 
capped with the limitations of the primary battery, and 
in utter ignorance of the principles of modern dynamo 
and motor construction, labored with small result. The 
invention by Pacinotti in 1861 of the continuous current 
dynamo may properly be said to date all modern electric 
machines. These were developed in their earliest forms 
by Gramme and Siemens, Wheatstone and Varley, Farmer 
and Rowland, Hefner-Alteneck and others, and brought 
into existence the elements essential to any possible com- 
mercial success. Yet notwithstanding that the principle of 
the reversibility of the dynamo-electric machine and the 
transmission of energy to a distance by the use of two 
similar machines, said to have been discovered and 
described by Pacinotti in 1867 — the same year in which 
Prof. Farmer described the principle of the modern / 
dynamo in a letter to Henry Wilde — and demonstrated in- 
dependently at the Vienna Exposition by Fontaine and 
Gramme in 1873, many years more passed before the im- 
portance and availability of this principle were generally 
I , recognised. 

; From 1850 to 1875 ^ period relatively, and yet 

f there seemed tO' have' been practically an entire cessation 

I of experimental electric railway work until in the latter 

I 3'ear George F. Greene, a poor mechanic of Kalamazoo, 

Mich., built a small model motor which was supplied from 
a battery through an overhead line, with track return, and 
three years later he constructed another model on a larger 
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scale. Greene seemed to have realized that a dynamo was 
essentia! to success, but he did not know how to make one 
and did not have the means to buy it. 

Shortly afterward, in 1879, at the Berlin Exposition; 
Messrs. Siemens and Halske constructed a short line about 
a third of a mile in length, which was the beginning of 
much active work by this firm. The dynamo and motor 
were of the now well-known Siemens type, and the current 
was supplied through a central rail, with the running rails 
as a^return, to a small locomotive on which the motor was 
caiTied joiigitudinall^^ motion being transmitted through 
spur and beveled gears to a central shaft from which con- 
nection was made to the wheels. The locomotive drew 
tliree small cars having a capacity of about 20 people and 
attained the speed of about eight miles an hour. 

Perhaps more than to any other the credit for the first 
serious proposal in the United States should be awarded 
to Field. Curiously enough, patent papers were filed by 
Field, Siemens and Edison, all within three months of 
each other, in the spring and summer of 1880. Priority of 
invention was finally awarded to Field, he having filed a 
caveat a year before. He had been actively interested in 
electric telegraphs, and in an account of his work pub- 
lished some 20 years ago, it is stated that he early con- 
structed two electric motors and had in mind the opera- 
tion of street cars in San Francisco, but had not been able 
to do anything in the matter because of a realization that 
a dynamo must be used instead of a battery. In 1877 
while in Europe he saw some Gramme machines, and on 
bis return two of them were ordered but not delivered. 
Later a dynamo was ordered from Siemens Brothers in 
London which was lost, and this was replaced by another 
which arrived in the fall of 1878. Meanwhile two Gramme 
machines were placed at his disposal, and shortly after- 
ward an electric elevator was operated. In February, 
1879, he made plans for an electric railway, the current to 
be delivered from a stationary source of power through a 
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i wire enclosed in a condtiit,. with rail return, and in .1880- 

I Si he; constructed and put in operation ' an experimental' 

I electric locomotive in ; Stockbridge, Mass. 

J Pending the settlement of patent interferences between 

j Edison and Field (the Siemens application being late was 

s rejected),, the two interests were combined in a corpora- 

J tion known as ^The Electric Railway ■ Company of the 

' United States/' and the first work of the company was the, 

operation of an electric locomotive at the Chicago Railway 
Exposition in 1883. This locomotive, called ‘'The Judge/' 
after the late Chief Justice Field, ran around the gallery 
of the main exposition building on a track of about one- 
I third of a mile in length. 

The motor used was a Weston dynamo mounted on the 
; car and connected by beveled gear to a shaft from which 

power ivas transmitted by belts to one of the wheels. The 
current was taken from a center rail, with track return. 
A lever operated clutches on the driving shaft, and the 
speed was varied by resistance. The reversing mechanism 
consisted of two movable brushholders geared to a disk 
operated by a lever, each arm carrying a pair of brushes, 
one of which only could be thrown into circuit at a time, 
to give the proper direction of movement. 

Meanwhile several other inventors were getting actively 
into the field of transmission of power and electric rail- 
ways, In the summer of 1882 Dr. Joseph R. Finney oper- 
ated in Allegheny, Pa., a car for which current was sup- 
plied through an overhead wire on which traveled a small 
trolley connected to the car with a flexible cable, and about 
the same time in England Dr. Fleming Jenkin, following a 
paper by Messrs. Ayrton and Perry before the Royal In- 
stitution on an automatic railway, proposed a scheme of 
telpherage which was developed by those gentlemen. 

In the early part of the same year the writer, Mr. 
Sprague, then a midshipman in the United States Navy, 
who had in 1879 begun the designing of motors, 

was ordered on duty at the Grystal Palace Electrical Ex- 
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hibjtion then being held at Sydenham, England. While 
m London he became impressed with a belief in the possi- 
mhfy of operating the underground railway electrically 
He first considered the use of main and working conduc- 
tors, the latter being carried between the tracks, with rail 
return, but noting the complication of switches on certain 
sections of the road, conceived the idea of a car movin? 
between two planes, traveling on one and making upper 
pressure contact with the other, those planes being the 
terminals of a constant potential system. For practical 
application the lower of the two planes was to be replaced 
by the running track and all switches and sidings, and the 
upper plane by rigid conductors supported by the roof of 
the tunnel, and following the center lines of all tracks 
and switches, contact to be made therewith by a self- 
adjusting device carried on the car roof over the center 
ot the truck and pressed upward by springs. 

In 1882 he applied for a patent on the first idea, which 
was but a variation from that shown in other patents, but 
the second laid dormant for nearly three years because of 
central station work and the development of the applica- 
tion of stationary motors. ^ ^ 

Meanwhile in the United States Charles J. van Depoele 
sculptor by original trade and an 
ndefatigable worker, had become interested in electric 

TrohLm ‘“ h- attacked the railway 

coSriTcted^n Ph ^ experimental line 

constructed in Chicago in the winter of i882-8a, the cur- 
rent supplied from an overhead wire. In the fall of 188? 

^ f r Industrial Exposition at Chicago 

currem Vn ^ ^ locomotive and taking 

current from an underground conduit was successfully 
operated at the Toronto Exhibition to carry passeno-ers 

, Jnl ® operated another train at the same place, 

using on this occasion an overhead wire and a weighted 
arm pressing a contact up against it 
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Experiments were also carried on by him on the South 
Bend Railway in the fall of 1885, where several cars were 
equipped with small motors, and also in Minneapolis, 
where an electric car took the place of a steam locomotive. 

Other equipments were operated at the New Orleans Ex- 
hibition and at Montgomery, Ala., where the current was i 

at first taken from a single overhead wire which carried a 
traveling trolley connected to the car by a flexible con- 
ductor. 

Other equipments were put in operation at Windsor, 

Ont. ; Detroit, Mich. ; Appleton, Wis., and Scranton, Pa. 

In these several equipments the motors were placed on 
the front platforms of the cars and connected to the wheels 
by belts or chains. The cars were headed in one direc- 
tion and operated from one end only. 

In 1888 the Van Depoele Company was absorbed by the 
Thomson-Houston, which had recently entered the railway 
field, and Van Depoele continued in its active development 
until his death in 1892. 

Among the early American workers of this period none 
was for a time more prominent than Leo Daft, who after 
considerable development in motors for stationary work 
took up their application to electric railways, making the 
first experiments toward the close of 1883 at his company’s 
works at Greenville, N. J., these being sufficiently success- 
ful to be repeated in November of that year on the Sara- 
toga and Mt. McGregor road. The locomotive used there 
was called “The Ampere,” and pulled a full-sized car. The 
motor was mounted on a platform and connected by belts 
to an intermediate shaft carried between the wheels, from 
which another set of belts led to pulleys on the driving 
axles. A center rail and the running rails formed the 
working conductors. Variation of speed was accomplished 
by variation of field resistance, this being acGentuated by 
the use of iron instead of copper in some of the coils. 

In the following year Daft equipped a small car on one 
of the piers at a New York seaside resort, and a little 
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later anotlier one at the Mechanics’ Fair in Boston, the 
motor for this last being subsequently put on duty at 
the New Orleans Exposition. In 1885 work was begun 
by the Daft Company on the Hampton branch of the Bal- 
timore Union Passenger Railway Company, where in 
August of that year operations were begun, at first with 
two and a year later with two more small electric loco- 
motives which did not carry passengers themselves, but 
pulled regular street cars. A center and the running rail 
were used for the normal distribution, but at crossings an 
overhead conductor was installed and connection made to 
it by an arm carried on the car and pressed up against it. 
The driving was by a pinion operating on an internal gear 
on one of the axles. 

Daffs most ambitious work followed when a section of 
the Ninth Avenue Elevated Road was equipped for a dis- 
tance of two miles, on which a series of experiments were 
carried on during the latter part of 1885, with a locomotive 
called '‘The Benjamin Franklin.” The motor was mounted 
on a platform pivoted at one end, and motion was com- 
municated from the armature to the driving wheel through 
grooved gears held in close contact partly by the weight 
of the machine and partly by an adjustable screw device. 
This locomotive, pulling a train of cars, made several trips, 
but the experiments were soon suspended. This work was 
followed by street railway equipments at Los Angeles and 
elsewhere, using double overhead wires carrying a trolley 
carriage. 

Meanwhile Bentley and Knight, after some experiments 
in the yards of the Brush Electric Company at Cleveland 
in the fall of 1883, installed a conduit system in August, 
1884, on the tracks of the East Cleveland Horse Railway 
Company. The equipped section of the road was 2 miles 
long, the conduits were of wood laid between the tracks, 
and two cars were employed which were each equipped 
with a motor carried under the car body and transmitting 
power to the axle by wire cables. 
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These equipments were operated with \zty\ng degrees 
of success , during the , winter of 1884-85, but were , aban- 
doned later. This work was followed by a double over- 
head trolley road at Woonsocket, the motors being su|>- 
plied by the Thomson-Houston Company, and .later , by a 
combined double trolley and conduit road at Allegheny, Pa. 

Ill 1884-85 J. C. Henry installed and operated in. Kansas 
City a railway supplied by two overhead conductors, on 
each of which traveled a small trolley connected to the car 
by a flexible cable. The motor was mounted on a frame 
supported on the car axle, and the power was transmitted 
through a clutch and a nest of gears giving fivt speeds. 
In the following year a portion of another road was 
equipped. A' number of experiments .seem to have been 
conducted there and on some the rails were used as a re- 
turn. The collectors were of different t^/pes, and it is 
said that among others there was one carried on the car. 
The final selection was a trolley having four wheels dis- 
posed in pairs in a horizontal plane, carried by and grip- 
ping the sides of the wires ; this feature, but using one 
wire and rail return, characterized a road installed by 
Henry in San Diego, Cal., opened in November, 1887. 

Meanwhile work had begun in Great Britain, where the 
first regular road to be put in operation was that known 
as the Portriish Electric Railway, in Ireland, installed in 
1883 by Siemens Brothers, of London, Power was gener- 
ated by turbines, and the current was transmitted by a 
third rail supported on wooden posts alongside of the 
track, the running rails constituting the return. The pres- 
sure used was about 250 volts. 

This was followed in the same year by a successful short 
road at Brighton, installed by Magnus Volk^ the current 
being transmitted through the running rails. Then came 
the railway installed at Bessbrook, Newry, in 1885, under 
the direction of the Messrs. Hopkinson, and at Ryde in 
1886, in which latter year was also installed the Blackpool 
road by Hoiroyd Smith. In this latter case the conduit 
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system was used with complete metallic circuit. The mo- 
tor was carried underneath the car between the axles and 
connected by chain gearing. Fixed brushes with end con- 
tact were used for both directions of running. 

^ Reverting to work in the United States, Sprague again 
took up_ the electric railway problem, and in i88s, before 

advocated the equipment of 
the New York Elevated Railway with motors carried on 
the trucks of the regular cars, and work was actually 
jegun on the construction of experimental motors. 
Shortly afterward a regular truck was equipped and a 
long senes of tests made on a private track in New York 
City. In May, 1886, an elevated car was equipped with 
ftese motors and a series of tests begun on the Thirty- 
fourth Street branch of the road. 

These motors may be considered the parent models of 
the modern railway motor. They were centered through 
the brackets on the driving axles, connected to them by 
single reduction gears, and the free end of the motor was 
carried by springs from the transom, the truck elliptics 
being interposed between this support and the car body. 
Ihe track had two motors; they were run open; had one 
set of brushes and were used not only for propelling the 
car but for braking it. The motors were at first shunt 
wound, but later had a correcting coil in series with the 
armature at right angles to the normal field to prevent 
shifting 01 the neutral point. The car was operated from 
each end by similar switches, current at 600 volts was 
used, and increase of speed was effected by cutting out re- 
sistance in the armature circuit and then by reducing the 
field strength. This enabled energy to be returned to the 
line when decreasing from high speed. It being impossible 
to interest the railway management, the experiments were 
finally suspended. Soon afterward a locomotive designed 
by Field had a short trial on the same section of the 
elevated. 

Sprague then turned his attention to building a loco- 
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motive car of 300 hp. capacity, each truck to- be equipped 
with two motors, each having a pair of armatures geared 
to the axle, but this evidently being ahead. of the times 
and the possibilitip of street tramway traction becoming 
.evident, these equipments were abandoned, and he began 
the development of the type of motor finally used in Rich- 
mond, one crude form of which was first used in storage 
battery experiments in Philadelphia and others in New 
York and Boston in 1886. 

^ Reviewing the conditions at the beginning of 1887, statis- 
tics compiled by T. Commerford Martin show that in- 
cluding every kind of equipment, even those a fraction 
of a mile long and operated in mines, there were but nine 
installations in Europe, aggregating about 20 miles of 
track, with a total equipment of 52 motors and motor 
cars, none operated with the present overhead line or con- 
duit, and seven cars operated by storage batteries, while 
ill the United States there were only ten installations, with 
an aggregate of less than 40 miles of track and 50 motors 
and motor cars, operated mostly from overhead lines with 
traveling trolleys flexibly connected to the cars. These 
were partly Daft, but principally Van Depoele roads. Al- 
most every inventor who had taken part in active work 
was still alive. The roads, however, were limited in char- 
acter, varied in equipment and presented nothing sufficient 
to overcome the prejudices of those interested in transpor- 
tation and command the confidence of capital. 

As a result of all these experiments the series wound 
motor soon became universal because of its ability to start 
a car with the least expenditure of energy, and has held 
its place to the present time wdth minor improvements in 
its structure and method of gearing; 550-600 volts has 
become standard for the operation of the motors, this 
value having been found the most satisfactory. Altho 
higher voltages are desirable for economy of transmission, 
the difficulties encountered in the construction of the 

motors offset any advantages gained thereby. 


ELECTRICITY 


.290 

\ As previously explained, the higher the voltage used, 
the further may the 'power be economically distributed. 
In the direct current 'system the voltage is limited to about 
600. \¥ith this comparatively low voltage, cars co'uld be 
.economically operated only- within a few miles of the gen- 
erating station. The development of the alternating cur- 
rent transfoniier, means of which the voltage could be 
raised , or lowered without mechanism, showed the way to, 
new deve.lopnients. The direct current- generators in the 
power stations were gradually removed and alternators 
, substituted. -Power could, be generated at either low, or 
high vo,ltages, ' stepped up by means of transforrners sent 
over the line at a high voltage to a sub-station, dropped 
to a lower voltage again 'by the transformers, and changed, 
to direct current by means of rotary converters, from 
'which the car lines were fed. This is the s3^steni at present 
in use in all the large cities. The most unsatisfactory part 
of this system is the sub-station with its rotary converter, 
which increases the cost of the sub-station itself and re- 
quires considerable attention. 

One unfamiliar with the development of motors might 
ask why the cars were not equipped with alternating cur- 
rent motors. Motors of this class are, however, of quite 
recent origin, and their application to the severe strains 
of railway work has only been accomplished in the last 
four or five years. One of the most successful of these 
is the alternating current series motor developed by the 
Westinghouse Company and it promises soon to be very 
widely applied. The outlook for equipping long railway 
lines heretofore operated by steam is very promising and 
in fact has already begun. 

In May, 1905, the Westinghouse Company completed the 
first heavy locomotive to be operated by single-phase 
alternating current. This locomotive complete weighs 136 
tons. It was built in two halves, each having three axles, 
each axle driven by a 225-hp. single-phase series motor 
having single reduction gears with a ratio of 18: 95, The 
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current required to operate this locomotive (6,600 volts, 25 
cycles) is collected from the trolley wire by means of a 
pneumatically operated pantagraph trolley, with sliding 
contact, arid carried through an oil switch and circuit 
breaker to an auto transformer. In this transformer it 
is reduced to 325 volts, at which pressure it is used in the 
motors. This locomotive, being designed for heavy 
freight service, develops a draw-bar pull of 50,000 pounds 
at speed of from 10 to 12 miles per hour. 

Following several other successful applications of these 
motors, tjie New York, New Haven Sz Hartford Railroad 
decided to equip its road as far as Stamford, Conn., a dis- 
tance of 22 miles, with the Westinghouse system. The 
locomotives used weigh 70 tons and are each equipped with 
four gearlcss motors of 250 hp. each. These locomotives 
operate over f2 miles of track in the city of New York 
by means of 6oo-volt direct current and over 22 miles of 
track supplied with alternating current at 11,000 volts, 25 
cycles. Each locomotive is capable of hauling a 200-ton 
passenger train in accommodation service, requiring one 
every two miles, at a schedule speed of 26 miles per 
and a maximum speed of 45 miles per hour. In ex- 
service a maximum speed of 60 to 75 miles per hour 
can he attained. Perhaps the longest line yet equipped is 
that of tlie .Spokane and Inland Railroad, having a total 
length of track of 146 miles. 

It has been attempted to apply other forms of alternat- 
ing current motors to railway propulsion. One of these is 
as the “repulsion” motor, and altho it has been tried 
on short lines, it does not as yet appear to have been so 
successful as the “series” type. This form has also been 
used in Germany, where some interesting tests on high 
speed lines have been made during which speeds of 140 
per hour have been recorded and 126 miles per hour 
a car carrying passengers. 


CHAPTER X ■ 

THE ELECTRO- MAGNETIC TELEGRAPH 

As early as 1774, Lesage constructed an electric tele- 
graph consisting of twenty-four wires, at the end of each 
of .which was, a pith-ball electroscope; and in i8i6 Ron- 
alds constructed a line of one wire, using pith-balls and 
' two synchronous wheels. He endeavored to bring the 
matter to the attention of the British government, and 
received the really exquisite reply that ‘Telegraphs of any 
, kind are .now wholly unnecessary,' and no other than the 
one now in use will be adopted.” A 'very important 'Step 
w.as taken in i8a8 by Harrison Gray Hyar, of- New York, 
who invented a method of recording in which a discharge 
was made to pass through a sheet of moistened litmus 
. paper moving at a uniform rate. A line was actually, set 
up and experimented Upon in the same year. In all of 
these systems it was proposed to use frictional electricity ; 
.blit, even wdth the present vastly increased, power of prd- 
.cluction and control of .this species of ■electricity, a sue- ^ 
cessfully operating telegraph would . hardly be possible. 
^The real electric telegraph .began' with Galvani ' .and ■ 

\. olta, and, as : already intimated,- more than , one syste,m 
has been fairly successful, . the ' fundamental principles . o.f 
vdiich were understood before the.. close of the first decade 
of the present century. The .complete' solution of the 
problem, however, would unquestionably, have been post-' 
poned for many ^ years but for the- . discovery of Oersted 
in 1S20. Immediately on its announcement, the telegraph 




« 


294 


ELECTRICITY 


? 3 ' ' 




r ■ I 
1 

If 


became the dream of many men in many countries. *‘’Con~ 
ceniing its origin and growth/' says T. C. Mendenhall 
in his ^Century of Electricity/ “the great majority of 
Americans have been singularly mistaken. The popu- 
lar impression seems to be that it is exclusively an Ameri- 
can invention, and that in America it was almost exclu- 
sively the product of the genius of one man. It hardly 
need be said that these impressions are extremely erro- 
neous. 

“Ampere, whose genius had accomplished so much in 
the early development of the theory of electro-magnetism, 
was probably the first to suggest its use in telegraphy. 
His method was founded on Oersted’s experiment. If a 
needle could be deflected by an electric current, if this 
could be accomplished by a wire or wires of great length, 
and if these movements of the needle could be converted 
into a code by means of which letters or words could be 
expressed, then the electro-magnetic telegraph was pos- 
sible. Ampere’s suggestion was to employ a number of 
wires and to deflect a number of needles. Considerable 
attention was given to the development of this idea for 
a number of years following the discovery of its funda- 
mental principle. The progress of the invention was 
seriously retarded by the publication of an inves- 
tigation by Barlow, of the Woolwich Military Acad- 
emy, in 1825, in the course of which he discovered that 
there was an enormous diminution in the power of a cur- 
rent to produce effects with an increase of distance, and 
which led him to declare that the project of an electro- 
magnetic telegraph could not possibly be successful.” 

The invention of the electro-magnet by Sturgeon ap- 
parently offered a new solution of the problem ; but, owing 
to the imperfect construction of his magnets, the difficulty 
of overcoming distance was not diminished. This ob- 
stacle, which seemed for a time to be insurmountable, was 
conquered by Joseph Henry in the manner already de- 
scribed. Out of Oersted’s experiment grew the needle- 
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te!egra|3li~---a form which prevailed for several years in 
"Europe, uriiil it gave way before the evident superiority of 
that foiiiided on the electro-magnet, which grew out of 
the reseaiclies of Elenry, and which .is generally known 
as the Morse or ' American system. flj 

I ^ Theuieedle-telegraph 'was first in the held, and its work- 

ing will fiist be, considered. Many of its earlier forms 
appear as .suggestions only, no attempt having been made 
, , , to put them in p.ractical operation. In 1S32, however, 

I Baron Schilling, a Russian counselor of state, had a 

working system in which thirty-six needles were used, 
and which included an ingenious alarm for calling the 
attention of the receiving operator. It consisted of a 
I device by means of which the movement of one of the 

j needles released a small ball of lead, which, by dropping 

' upon the mechanism of the alarm, set it in operation. A 

I model of this system was exhibited before tlie emperors 

I Alexander and Nicholas. 

A little later the two illustrious German philosophers. 

Gauss and Weber, established a successfully operating 
line at Gottingen. It was two or three miles long, and a 
double wire was used. Magnetic needles or bars, freely 
suspended, were used as receiving instruments, and the 
arrangement included a device for setting off an alarm- 
; clock. The current from a battery was first used, but 

afterward the secondary or induced current was sub- 

i ^tituted. This line was in working order in 1833, ^^^d 
was established mainly for experimental purposes. ' The 
practical development of the scheme was given over to 
Steinlieil, in whose hands it grew with rapidity. In 1837 
he had constructed several miles of telegraph, extending 
! from Munich to various points in the vicinity. His work 

I appears to have been officially sanctioned by the govern- 

I ment, and his wires doubtless constituted the first electric 

telegraph ever erected for commercial purposes. The 
system included a method of recording the message as 
j received, which might also be read by sound, the signals 
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being distinguished from each other by the use of bells 

difering in pitch. . 

“But altogether the most valuable contribution made 
by Steinheil,” says Mendenhall, “was the discovery that 
the use of a double wire was unnecessary, it being possible 
to establish electric communication between two points 
by the use of one wire, whose terminals were joined to the 
earth through plates of metal, or other conductors ex- 
posing considerable surface. As it largety reduced the 
cost of construction, this discovery was of prime impor- 
tance. It was really a repetition of what h * 
long before accomplished when he stretched his wire 
across the Schuylkill River, but the relation between the 
two experiments was not at the time appreciated or fu ly 

“"fotr&e’lcience of electricity and the art of telegraphy 
owe much to the genius of Sir Charles Wheatstone, whose 
interest in and connection with telegraph enterprises be- 
gan in 1835, in which year he exhibited one of Schilling s 
felegraphs in his lectures, and in the year 1837, when he 
formed a copartnership with W. F. Cooke, for tae pur- 
pose of introducing the electric telegraph into England. 
Their first patent was taken out m 1837; and the syst>,m 
required fiv? needles, with as many wires for their manipu- 
lation and a sixth wire for the “return current. Wheat 
stone developed numerous improvements during the next 
few years! and as early as 1840 a dial instrument shovv- 
ing the letters of the alphabet was patented. 
difficulties were encountered and overcome, and > <-44 

the enterprise was on a sound financial basis. 

The operation of working a telegraph was 
urally regarded by most people as a mystery and by ^ ^ 
as a^ fraud. When communication was 
tween Paddington and Slough, a distance of ^out iwmitj 
miles, the wires were insulated partly by .nd 
suspended through goose-quills^ attached P 
the Great Western Railway. 1 he telegraph comp y 
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only invitee! the patronage of the public in a legitimate. 
■ busine.ss way, but it also exhibited its apparatus, as a nov- 
elty. This short line speedily established itself in the 
good graces of the people through its instrumentality in 
securing. '..thC' arrest of a criminal. 

The construction expenses incident to the use of a large 
number of wires, to say nothing of other difficulties, led 
to the reduction of the number of needles employed to 
two, and one in which a single wire was sufficient. A 
single needle is nov/ almost universally employed wher- 
ever the needle system has survived competition with 
other forms. The movements of the needle are readily 
applied to signaling the alphabet by combinations of 
swings to the right and to the left. It will be remembered 
that in Oersted's experiment a reversal of the current 
through the wire reversed the direction of the deflection 
of the needle. The operating key is so arranged that 
when its handle is turned to the right a current is sent 
through the line which deflects the needle in the same, 
direction; and when the opposite movement is made the 
current is reversed and the needle swings to the left 
The alphabet may and generally does correspond with 
what is known as the ‘‘Morse Code." A swing to the 
right is interpreted as a long signal or dash, and one to the 
left as the short or “dot" signal of the Morse system. 

For many years the needle system of telegraph was 
used almc t exclusively in Great Britain, altho it never 
succeeded in gaining a foothold on the continent of Eu- 
rope or in any other part of the world. Its principal 
a/' vantage is Lne comparatively feeble current required to 
work it; but it is r lower than the Morse system, and does 
not lend itself to s und-reading, or to methods of secur- 
ing written records of the messages which it transmits. 

It has therefore almost entirely given way. to other sys- 
tems, even in Great Britain, altho, as will be seen, it is 
retained in connection with long ocean-cables, and within 



a few years a self-recording device has been snccessfitlly 
applied ■ to it. 

The system of telegraphy now almost universally in 
use is one which originated in America, and whose de- 
velopment was nearly contemporaneous with that of the 
needle system. In England the fundamental experiment 
about v/hich the telegraph grew was that of Oersted; 
while in America the electro-magnet, as constructed by 
Sturgeon and improved by Henry, was made the basis of 
the invention. As there has been much misunderstanding 
concerning the distribution of credit for the evolution 
of this system of telegraphy, it may not be out of the 
way to consider at some length its more important phases. 

Much credit must always be accorded Professor S. F. B. 
Morse, through whose indefatigable labors and persistent 
faith the commercial value of the enterprise was first 
established. Born in the last century, he reached the age 
of forty years before having apparently given a single 
thought to what was to be the great work of his life. 
His early training was that of an artist, altho he was 
always fond of scientific pursuits. He studied in London 
under the best masters, and was highly successful in his 
chosen profession, some of his works bringing him great 
renown. His first conception of an electro-magnetic tele- 
graph seems to have arisen out of a conversation with a 
friend on board the packet ship Sully, on a voyage from 
Havre to New York in 1832. In this conversation some 
experiments of the French were described, in which elec- 
tricity had been transmitted through long distances. Some 
one remarked, ‘It would be well if we could send news 
in this rapid manner”; to which Morse at once replied, 
“Why can’t we?” And from that moment he devoted his 
energies to accomplishing the desired end. 

During the remainder of the voyage he made drawings 
of forms of apparatus and considered the transmission of 
signals into an alphabet He does not appear to have 
been familiar with the principles of electro-magnetism at 
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that time, a,ncl it, is affirmed that the use of an electro- 
iiiagnet was suggested to him by the ge,ntleman with- whom 
this first discussion was held. On' reaching ,New,'York, 
he,, began experimenting upon the ' subject, and. in' ,1835 
he had completed a working model of his 'recording in- 
strument It was not until 1S37, however, that he, was 
able to put two of them in operation at the extremities of 
a short line, so as to be able to both receive and send sig- 
,iials. In that year his apparatus was exhibited to' many 
. people in the University of New York. In, the following 
year he made an unsuccessful effort to secure aid from 
Congress to establish an experimental line between \¥ash- 
ington, and Baltimore. He then visited Europe, but failed 
,to secure patents for his inventions. During the session 
of Congress of 1842-43 he again struggled to secure 
recognition and an appropriation to enable him to build 
his experimental line. The scheme was considered 
quixotic by many members of Congress, and at the last 
moment he despaired of success; but during the midnight 
hour of the last night of the session, March 3, 1843, ^ 
was passed appropriating thirty thousand dollars for the 
line from Washington to Baltimore. 

In the meantime many apparently insuperable obstacles 
had been encountered in the attempt to secure the suc- 
cessful working of the apparatus. In the beginning, 
Morse used a magnet with a few turns of wire, as Stur- 
geon had done, and a single cell of battery. With this his 
instrument failed to work through more than a few feet 
of wire. This difficulty was surmounted by taking ad- 
vantage of the researches of Henry, using what he called 
an “intensity'^ magnet and many cells of battery instead 
of one. Altho by this method signals could be trans- 
mitted through a comparatively long distance, they were 
still too feeble to print themselves upon the moving strip 
of paper. To overcome this difficulty it was only neces- 
sary to introduce the device known as the Telay/ by 
means of which the work on the main circuit was rMuced 
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to making and breaking the 
the circuit of which 
short circuit the r— 
to operate the registering 
working had been devised , 

Henry, and it had also been 
needle system. 

In Morse’s first attempt to build his 
from Washington to Baltimore in 184 , 
placed underground instead of upon poh 
method was soon abandoned for the 
already been in use for several years in 
where. ^ In Morse’s first instrument the 
mechanical; that is to say, the messag 
first set up” in “dots and dashes” by ar 
short type in proper order in a line, ar 
movement of this line of type the circu 
periods of time necessary to the reprodr 
and dashes at the other end. Morse did 
signals could be made by the hand with ! 
ity to produce legible records. This was sc 
to be possible, however, and for the clum; 
transmitter the simple key in use to-day w; 
by the skilful manipulation of which the 
duces dots and dashes with such regularity 
as^to leave nothing to be desired. 

The statements made above, derived frc 
character, may be summarized ai 
the Morse telegraph are found the batter 
credit must be given primarily to Volta ’ 
Daniel!, who in 1836 devised a battery near! 
1 s strengtii—an essential requisite to its appl: 
telegrap.i ; tne key, or transmitter, which e 
tails 01 construction, is practically that in t 
penments on electricity were begun ; the rece 
ment, of which the essential feature is the ele 
due primarily to Shiro-^ann t 


current of a locrl battery, on 

was the recording machine. In this 
current was easily made strong enough 
m instrument. This method of 
nearly ten years before by 
i used by Wheatstone in his 
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as to be available for this' work by' Henr}- the relay, by 1 

means of which the local ctirrentis put in' operation, which j 

was used by Henry and also by Wheatstone; the line wire j 

..suspended on poies—a .method' fi.rst'- practically used by ; 

Dr. W. O’SliaiigiiJiessy .at 'Calcutta., in 1839. 

While ^ it appears, therefore, that Morse cannot justly l 

claim priority, in the discovery of a single scientific prin- I 

clple involved in the telegraph, it must be' ad.mitted on all 
hands that he played a most important, part, in its develop- 
ment. In^ Europe all, effort had been in the direction of 
. the use of the 'needle system. Morse-'wa's quick to see the 
advantages of the electro-magnet, and especially, the ease 
with which it could be made, to leave a permanent record/ 
of the message. His use of a simple armature with to- 
and-fro, motion, armed with a style, or pencil, .which 
marked , long or short lines upon a. moving slip of paper, , 
and his alphabet made up of these dots and dashes, show, 
great ingenuity and mechanical judgment .As a measure, 
of the va,Iue .of his system, compared with the English, 
o'; is sufficient; to-, repeat that to-day it has .drWen . ne'a.d.y . 
every other from the fi.eld. 

■ As the popularity of the telegraph increased and the. 
number of line wires grew large, attempts were made to 
make one line wire transmit more than one message at 
the same time. Various schemes have been tried, most 
of which have failed by reason of the complications of the 
apparatus and the consequent troubles attending them. 

The step in the direction of utilizing the line wire more 
fully was theTnvention of the duplex- system by Dr. Wil- 
helm Gintl. in 1853. This system was 'improved by Carl 
Frischen, of Hanover, until it lacked 'only one . essential 
element — means to overcome the condenser-like action 
of the long line wire. It was not until 187a that this was 
supplied by Joseph B. Stearns, of Boston, who introduced 
a condenser into the artificial line of the duplex system 
and, ,. by , adjusting ,; .it, made the a'rtificial .'.line- . '.behave, like, 
t!:e lir.e wire itself. This important -ad-dition made ..the',, 
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pstem_ entirety successful, so that it became possible to 
transmit two messages in opposite directions at the same 

^ Following the success of the duplex system, there was 
developed a method by which two messages could be sent 
simultaneously in the same direction, and it was but a 
step to combine these two systems so that two messages 
could be sent each way simultaneously. This last is known 
as the quadruplex system, and was immediately success- 
ful because there were no delicate adjustments to be made 
and no rotating parts as in some of the synchronous tele- 
graphs which have been tried from time to time 
As early as 1852 Moses G. Farmer, of Salem, Mass 
devised a synchronous-multiple telegraph in which he 
proposed to employ two rotating switches, one at each 
end of the line, to successively and simultaneously join 
fte several operators at one station with those of another 
nn connect two operators for an instant, pass 

on to the next two, and so on, returning to the first two 
operators so quickly that the relay of the receiving opera- 
or would not have had time to change nor the key of the 
sender to make a dot. The impulses of the current had 
therefore to be made with great frequency, and the control 
of this impulsive current was the principal cause of fail- 
uie. Another difficulty was the maintenance of the ro- 
tating switches in synchronism. 

occasionally startled with an announce- 
ment diat some one has invented a telegraph by which a 
wire may be utilized for twenty or perhaps forty trans- 
mssions. but usually it is the old wandLr in a new 

within ’f^^od, however, is limited far 

thin the bounds of these statements. It might seem 
that It would only be necessary to multiply the number of 
contacts and to increase the velocity of the rotating arms • 
but the limit in this direction is soon reached, for only 
a_certain_ number of impulses can be transmitted over a 

with force sufficient to pro- 
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duce signals. Many valuable improvements have 
made in recent years in this class of telegraphy, but 
as the art has grown, the great object of all 
to obtain more perfect synchronism— that is to say, to 
cause two mechanically independent arms to rotate at 
same speed. 

One of the most recent of these synchronous 
and which is now being exploited is that invented by Mr. 
Delaney, The principle is that of Farmer, but the method 
used to hold the rotating switches in synchronism is ex- 
tremely ingenious. It is stated that i,ooo words per min- 
ute may be transmitted over a single wire. The messages 
are prepared on a tape by a punching machine and re- 
ceived on a chemically prepared strip of paper. 

The idea of printing the despatch is not new. In the 
early days of the electric telegraph (1841) Wheatstone 
took out a patent for printing the message in ordinary 
letters upon a strip of paper. Since then many inventors 
have followed out the same idea, with more or less suc- 
cess. The most perfect of all these systems, however, is 
that invented by Professor David E, Hughes, which, in a 
modified form, is now very generally used as a news or 
stock ticker. Fig. 45 shows the connections for such a 
telegraph. 

The sending station is at A and one of the receiving 
stations at B. The line is fed with an alternating current 
produced by reversing commutator, 4. This alternating 
current does not affect printing relay 5, but does operate 
polar relay 6, which in turn operates the escapement Re- 
verser 4 is driven by constant-speed motor i and has as 
many segments as there are characters on the type 
The escape wheel 10 is provided with an equal number of 
teeth, so that each revolution of reverser 4 will produce 
one revolution of type wheel 7. On the shaft with the 
reverser is rigidly mounted a cylinder provided with a 
number of pins arranged spirally as shown ; each 
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line with a segment of the reverser and also in line with 
a pm fastened to the keyboard. 

Depressing a given key will always stop the cylinder 
and theretore type wheel 7 in the same place. The con- 
nection to the motor i is made with friction clutch 2 
which slips when cylinder 3 is stopped. Now it is evident 


ThcKKk'” “N ews 
neers.) ^ “ i.tandard Handbook for Electrical En^T 

poskfon an? L^rotateT characters in certain 

Ltrolled by 

rennlii ir, tu magnet 6, that it will alwavs 

3,''^ 



Fig. 46 — Dentso-N Electrochemical Facsimile Telegraph. 
(From Standard Handbook for Electrical Engineers.) 
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If the type wheel stops because of the arrest of the 
cylinder 3 by depression of a key, the current ceases to 
alternate and magnet 5 has time to draw up its armature, 
8, and press the tape against the type wheel, thus printing 
the character which corresponds to key depressed at the 
sending station. 

These are ingenious arrangements for reproducing at 
a distant point handwriting, drawings, etc. One of the 


first of these is known as Casselli’s pantelegraph, because 
the reproduction may be of the same size or even larger 
than the original. The message to be sent is written 
with an insulating ink on a piece of tinfoil and received 
on a sheet of chemically prepared paper upon which a 
blue dot is left at each current impulse. The motions of 
the marking style at the two stations are controlled by 
similar pendulums. In the Denison system these pendu- 
lums are forced to vibrate together through the control of 
electro-magnets operated by the same alternating current. 
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The most recent and useful of these arrangements is 
the telautograph. The message is reproduced as fast as 
it js written. Drawings or sketches are transmitted with 
peat accuracy; in fact, every motion of the sending pen 
is instptJy followed by the receiver. Some of these are 
in use m the United States army. 

The insulation of conductors for use under water was 
made possible by the discovery of gutta-percha by an Eno-- 
ish smgeon in India in 1842. It is extremely probable 
that the widespread use of submarine cables would have 
been postponed many years had this substance remained 


raknown. One of the first cables insulated by this ma 
possibly the very first, was laid in 1848 acros 
the Hudson River, from Jersey City to New York. Ii 
a cable was laid across the channel, from Dover t( 

it 

foliowing year the experiment was repeated 
iron wkes^^Th^ cable protected by a number of heavy 
teW^nf’ was successful, and permanent 

telep-aph communication was established. During the 

number of submarine cables increased 

the best s conditions necessary to insufe 

t T numerous. Many people 

ga consider the feasibility of a line connecting the 
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continents across the Atlantic Ocean. A few sanguine 
capitalists combined to further the enterprise, and through 
the undaunted courage and faith of an American, I\ir. 
Cyrus W. Field, the purely financial obstacles were sur- 
mounted. Unfortunately, the electrical and engineering 
problems to be met with were not understood; and the 
first cable of 1858, after gasping for breath for a few 
short weeks, lay dumb forever at the bottom of the sea. 

Something of the character of this cable may be learned 
from the following brief description by Sir William 
Thomson, to whom, more than to any other one man, 
the world is indebted for the success of submarine tele- 
graphy: *Tn the year 1857 as much iron as would make a 
cube twenty feet wide was drawn into wire long enough 
to extend from the earth to the moon, and bind several 
times around each globe. This wire was made into 126 
lengths of 2,500 miles, and spun into 18 strands of 7 wires 
each. A single strand of 7 copper wires of the same 
length, weighing in all no grains per foot, was three times 
coated with gutta-percha, to an entire outer thickness of 
4 of an inch ; and this was ‘served' outside with 240 tons 
of tarred yarn, and then laid over with the 18 strands of 
iron wire in long, contiguous spirals and passed through 
a bath of melted pitch.” 

An attempt to lay this cable in 1857 resulted in the loss 
of 400 or 500 miles by breaking from the stern of the ship 
from which it was run. After some further experimenta- 
tion, it was determined to employ two ships to lay it ^in 
the following year; and accordingly, on the 29th of Juiy, 
1858, the Niagara and the Agamemnon, each loaded with 
half the cable, met in mid ocean, joined the ends, and 
started, the Niagara for the west and the Agamemnon 
for the east. On the 5th of August the ends were suc- 
cessfully landed on the opposite shores of the Atlantic. 

The cable was known to be in bad condition before the 
laying was completed, and the earnest but ill-advised ef- 
forts which were made to force it to work during its briei 



period of activity only tended to shorten its life Com 
munication of a very irregular and unsatisfactory cliarac- 
mamtained for several weeks. The admirable 
w ,1° S-aWanometer, winch had just been devised by Sir 
WiLiam Ibomson, was for the first time iu use at the 
\ alentia end, while for a time the attempt was made to 
use the ordinary receiving apparatus which h ad been pro- 
vided py tie company at Newfoundland. Later the o-al- 
vanomcter w-as put in use on this side, but not before v*i’'>rv 
powerful currents had been used on ihe cable. In fact 
bir Vv'iliiain Thomson has declared his faeb'e? that if 
proper method.s of handling the cable eiectricaily had 
been in use trom the begimiing, its performance would 
have been lastmg and in the mrdn satisfactory. 

Owing to the fragmentary character of many of the 
messages transmitted, a single sentence from that of the 
Queen to the President having been received on August 
i 6 , and die remainder twenty-four hours later, many per- 
sons in both Europe and Am.erica became skeptical as to 

that [hrcMd '°h and not a few even doubted 

that the cable had been laid. As a matter of fact four 

hundred messages, containing over four thousand words 
were sent. On September i interchange of ines3a<res 

forty’— which were read at Valentia, 

Sls^ben number of battery- 

cells then on the line. From that date the “splendid com- 

useless” the sea, forever 

useless. -But it had not lived m vain; the possibility of 
moi-nrtf ^'^'a® ‘’e'nonstrated, and it only remained to sur- 

m^nt the obstacles wnich this trial had shown. 

DrnbW?" ^ tew years succeeding this first attempt, the 

ri^d aFordS A experience'^hich 

It iiad atioicied. Another trial was made in 

time by the Great Eastern, a vessel which offered^many 

advantages for cable-laying. After about two thirdTof 

the distance was run the cable broke, and further opera- 
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tions were postponed until the following year, when a 
t.^mplete cable was successfully laid, and that of 1865 
tricked up, spliced and finished. Since then other lines 
have been placed across the Atlantic; and now the opera- 
tions of laying an ocean cable attracts no attention. 

One of the difficulties encountered in attempting to send 
messages through such a long cable was that due to the 
electrostatic capacity of the cable. The cable acts like a 
very large condenser, so that when the voltage is applied 
at one end the current does not instantly rise to its stead> 
value, but takes several seconds, and when the supply 
of voltage is disconnected the current continues to flow. 
In order to signal rapidly, therefore, it was necessary to 
overcome this action and to use very delicate receiving 
instruments. For this purpose Sir William Thomson, 
Lord Kelvin, devised the well-known siphon recorder, 
which is really a sensitive galvanometer whose moving 
coil carries a siphon tube filled with ink, the ink being 
ejected from it in fine drops on a strip of paper. To pro- 
duce these fine drops the siphon tube is connected to a 
small electrostatic machine, so that the tube is electrified. 

Altho the telephone has made such rapid advances as 
a means of communication, the telegraph still holds its 
own field. The greater simplicity of the latter, the less 
expensive lines, the greater distances to which messages 
can be transmitted, all combine for its preservation. The 
flattening out of the waves on a telephone line due to the 
condenser-like action of the line has not yet been over- 
come. The difference between the telephonic waves at the 
beginning and end of a line may be compared to that be- 
tween, the,, noisy .exhaust, of an automobile motor without 
and ... with ' a muffier. ■ In the, . case of the transmission of 
telephone waves it is, therefore, a problem of how to rid 
the. line of Its , muffler, , 
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WIRELESS TELEGRAPHY 

Professor Henry, of Princeton University, was the 
first to show the oscillatory character of the discharge of 
a Leyden jar. This single loud spark, which to the eye 
seems to pass in one direction across the gap, Is really a 
quick succession of current surges, first one way and then 
the other, and has its mechanical analogy in the pendu- 
lum. 

At the outset it may be well to analyze this spark dis- 
charge, as it is still the most prominent means of ra- 
diating the electric waves used to transmit signals. Sup- 
pose this pendulum analogy of the spark discharge be- 
tween two spheres be taken and the similarity of the two 
actions noted. If a heavy pendulum be drawn back 
by means of a light fiber, it will finally strain the fiber to 
such an extent as to cause it to break. The pendulum 
being suddenly released gradually acquires motion, which 
is accelerated until its lowest position is reached, after 
which it is retarded just as it was accelerated, and stops 
at about the same height at which it started. The process 
is then repeated, but in the opposite direction. Now com- 
pare the action on the two charged spheres. The pressure 
in the dielectric surrounding the spheres is gradually 
raised until it suddenly gives way, there being a flow of 
current from the positive to the negative sphere, which 
current gradually increases and is greatest at the instant 
when both dielectrics are at the same potential, just as the 
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naotion of the pendulum was greatest at its lowest position. 
The current then begins to decrease and finally stops when 
the dielectric is again strained to about the same potential 
it had at first but reversed in direction. The current then 
starts back again just as the pendulum again acquired mo- 
tion. ' . ^ 

Now let it be considered what goes on in the space sur- 
rounding this action. A current is always surrounded by 
a field of magnetic force, which field is proportionai to 
the strength of the current. As this current between the 
two spheres increases there is, therefore, sent out an in- 
creasing magnetic field which is radiated into space, reach- 
ing a maximum and again decreasing with the current 
But while the current increases the electrostatic strain 
about the sphere decreases, thus sending out an electro- 
static wave w^hich again increases as the current de- 
creases. It will thus be seen that as these surges take 
place alternate electromagnetic and electrostatic waves 
are radiated into space. 

Why do not these surges keep on forever? Mainly be- 
cause the current in its flow across the gap encounters a 
resistance, and instead of converting all its energy into 
magnetic waves loses a portion as heat at each surge. 
This corresponds to oscillating the pendulum in a liquid 
or viscous material, the energy of its motion soon being 
converted into heat. 

So much for the creation of these waves. But how may 
their passage through space be detected? One way is by 
catching them on a wire. What is the manner of the 
catching? If a wire be placed so that it cuts the wave 
transversely to its line of motion, it is clear that the mov- 
ing magnetic wave will induce in it an electromotive force. 
As these waves follow in rapid succession, a series of al- 
ternating electromotive forces is set up in the wire. These 
oscillatory currents are sometimes called *‘jigs.” How 
these jig currents make their presence known varies with 
the style of wave detector used. 
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Before entering upon the history of this '^spai 
graphy/’ as the Germans call it, it may be well to 
some of the experiments which preceded this system. In 
1838 Professor Joseph Henry, of Princeton, making with 
an electrical machine and Leyden jar a one-inch spark in 
the top room of his residence, set up induced currents in 
the cellar of the same building. Professor Morse, how- 
ever, was probably the first to successfully transmit sig- 
nals without wire. On December 16, 1842, he sent a wire- 
less telegram across a canal eighty feet wide ; and in No- 
vember, 1844, L. D. Gale, acting under instructions 
from Professor Morse, made wireless signals across the 
Susquehanna River at Havre de Grace, a distance of 
nearly one mile. In the latter experiment Mr. Gale used 
as a source of energy six pairs of plates in the form of 
a galvanic battery. He found that the best results were 
obtained when on each side of the river two plates were 
immersed near its bank and were connected by an insulated 
wire stretched along each shore for a distance three times 
as great as that which measured either path of the cross- 
ing signals. A few years later James Lindsay, a Scotch- 
man, repeated Morse's experiments, but without knowing 
of them. In 1859 ke read a paper before the British Asso- 
ciation on the subject of ^‘Telegraphing without Wires,’" 
and among his hearers were Faraday and Lord Kelvin. 

A method of signaling without wires by means of the 
inductive effect of two parallel circuits was successfully 
used by Sir William Preece in 1882. The principle of 
this method is as follows : If two loops of wire are placed 
parallel to each other and an intermittent current is passed 
through one of them, waves of magnetic flux are sent out, 
portions of which thread the second loop and by their 
fluctuations produce currents in it which may be detected 
by a telephone or other device. The strength of such 
signals falls off very rapidly from the source, and such a 
system can only be made to operate over short distances. 

Preece constructed two parallel lines, one on the Eng- 
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, ' Tlie. development of wave detectors is an important 
chapter. For these instruments Professor Fleming lias 
suggested the use of the word cymoscope as a general 
term including all classes of v/ave detectors. A . great 
number of these have been invented, but they may , all 
..be included under the following classes: i, spark cymo- 
scopes; 2, contact cymoscopes; 3, thermal cymoscopes; 
4, magnetic cymoscopes; 5, electrolytic cymoscopes; 6, 
electrodynamic cymoscopes; 7, vacuum tube cymoscopes. 
The first cymoscope invented was that used by Plertz 
in his investigation of electric waves, and belongs to the 
first class. It consisted merely of a ring broken at one 
point and arranged so that the gap might be adjusted 


Fig. 49 — The Branley Filings Coheres. 


by means of a micrometer screw. Tiny sparks across this 
gap indicated the presence of waves. Since the electro- 
motive force required to produce a spark across even a 
small gap .is very considerable, it will be obvious that 
such' a detector ' could only operate af. a short distance, 
and' would, therefore, be useless for the .purpose of sig- 
naling. ; 

. llie next, invention, made in 1890, waS' the' Bramly 
coherer, Fig. 49, which consisted of a small glass tube 
containliig tivo metallic plugs and separated by a gap par- 
tially filled with metallic filings. This is an example of 
the second class. The metallic filings, when loosely 
packed, oner a very high resistance to the passage of cur- 
rent through them, but the presence of waves breaks 
down llicir contact resistance, which continues after the 
waves have ceased. In order to again restore their re- 
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slstance they must be tapped or shaken, a.ii operatioji 
known as decolierence. ■ It is obvious that- such an appa- 
ratus' may be used like a key ' in a telegraphic 'circuit — 
a key operated by electric waves— and miay ■ therefore be 
used to operate, a telegraphic instrument Such /was the 
first device used. It was defective, however, in that it 
was necessary to tap it after each signal, decoherence 
was not certain, it required frequent adjustment, and the 
result was often a confused lot of signals. 

Many arrangements of , loose contacts were tried, and 



the coherer was improved by Marconi, Lodge, Braun, and 
others. One of the principal troubles being the opera- 
tion of decoherence, most of the inventors sought to oe- 
velop a coherer which should be self-restoring, and a 
number of successful types were invented. One of these / 

was the Hughes coherer, employing carbon granules 
placed between iron plugs. The most perfect and sue- 
cessful of all these is, however, that devised by Sir Oliver , 

Lodge and Dr. Muirhead, and used in the Lodge-Mmrhead 
system. As shown In Fig. 50? consists of a steel disk, 
slightly separated from a globule of mercury by a filin 
of oil, the disk being arranged to rotate slowly. The 
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presence o£ waves breaks down the oil film and estab- 
lishes' contact with the mercury, which contact immedi- 
ately breaks upon the cessation of the waves. A siphon 
recorder, placed in series with the cymoscope, is used to 
record the message. 

Altho a number of forms of the magnetic style of detector 
were devised, it was not until 1902 that a successful work- 
ing apparatus was produced. For some time before that 
it was known that the oscillating currents received would 
annul wholly or in part the magnetic hysteresis of iron 
when ])assed through a coil surrounding the iron. Hys- 
teresis acts like molecular friction, so that when a mag- 
netising current is passed through a coil surrounding an 
iron core, the magnetization does not increase and de- 
crease with the current in the coil, but lags behind it. If 
another coil be placed around this same core and the 
oscillating currents passed through it, this hysteresis will 
be suddenly removed and the magnetism in the core will 
suddenly change in value. This sudden change could be 
detected by a third coil surrounding the core and con- 
nected to a telephone receiver, resulting in a sudden click. 

was the principle of which Marconi made use in 
his magnetic detector, and which lie has used in his long- 
distance experiments. The arrangement is shown in Fig. 
18. It consists of a band of iron wires passing through 
two coils, one carrying the jig currents and one con- 
nected to the telephone. The wires are magnetized by 
two permanent magnets, and as they move under that 
portion where the two poles meet, the magnetic flux in 
them undergoes a reversal, which reversal, however, al- 
ways takes place at the same point until the jig currents 
pass, when the flux is suddenly shifted backward, causing 
a sound in the telephone. 

These detectors have come into very general use on ac- 
count of their convenience, sensitiveness, and adaptation 
to rapid signaling. In 1901, Dr. Lee de Forest patented 
a detector which depends for its operation on the dis- 
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tuption of the 'minute metallic bridges or ^trees' wliicli 
form,, under , .suitable conditions, between tlie ■ electrodes 
of an electrolytic cell.. The apparatus,, called a 'respond- 
er/ consists in a ' glass tube similar, to that 0',f a coherer, 
in which are fitted two electrodes, preferably of tin. The 
space between the electrodes— -about y<H inch— is filled with 
a viscuous, semiconducting liquid, such as glycerin with 
a small admixture of water, together with some peroxide 
Af as a deoolarizer. to oreveiit the excessive evoltt- 
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tion of gas. When a cell of suitable voltage is connected 
across this ^Tesponder/" metallic "trees’’ or bridges are 
formed, which make a path of low resistance ; but upon 
the passage of the jig currents these /'trees” are broken 
down and the circuit broken, producing a sound in a tele- 
phone receiver. Immediately upon the cessation of the 
jig currents, however, these "trees” again estabiisii them- 
selves. 

Another very successful and extremely sensitive de- 
tector was invented by Fessenden and /V^reeland, and 
consists of a small platinum cathode containing nitric 
acid, with a minute anode of platinum wire Viwwo inch 
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in rliamclcT. This little electrolytic cell, when polarized 
(•> the <.iK;caI ponit by being- connected to a battery is 
reinarkaDly sensitive to jig currents. It has been em- 
ployed by i-essenden in his transatlantic experiments 
iViany otlK-r detectors have been developed which have 

mos? 

It would not be possible in a few words to give a com- 
prehensive Idea of the various systems in use as m^v 
important improvements which have been made in the lait 
ten years. Those systems which have attained commercial 
importance are the Marconi, the Fessenden, the De For- 
!!’ and the Lodge-Muirhead. The great- 

ratuf usually found in the receiving appa- 

The first system used by Marconi employed the coherer 
detector and the Ruhmhorff coil to produce the 
spaiks from which the waves were radiated. The dia- 

Sm receiving ap- 
paratusjs shown in Fig. 52, T being the coherer^ and 

anoarimc ®^P®’'™ents with this form of 

apparatus were first made in 1896 in England, where Mar- 

?l" rf sfr William PrTece. 

hese experiments were so successful that trials were 

^ew^wtri?. the next year, at each of which something 
wlTi-rr". transmission 

worl-ed on'*'?! ™ experiments Marconi 

Terhl tire' the height of the antenna, or 

aerial Wire, on the distance of transmission. 

T! fiio organized a company known 

2 t!r 1?^'’ 1897, Marconi went to Rome, and 

oflL m 'l th- city, at the instig;tion 

floo? to ano-r ®®^cral experiments from one 

floor to anodier with a conductor three yards in height 

rderklln'^V'^ Minister^f XK 

undertake, m the presence of a select commission com- 
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posed . of officers .who were specialists ■ helorrging , to the 
royal marines, some fresh experiments. The place chosen 
was the Gulf of Spezzia. The experiments. ' took place 
between the nth and the i8th of July, 1S97. The appa- 
ratus made use of for transmitting and receiving was 
similar to those employed on the Bristol Channel ; that 
is' to. say, aerial wires ending above in metallic sheets. 
The coil was, less powerful than that used in the former 
case, giving sparks 10 inches in length only. 

The apparatus was located, during the entire series of 


experiments, in the electrical laboratory of St. Bartholo- 
mew, and bore an aerial line about 75 feet in height, which 
was afterward prolonged to 90, terminating in a square 
metal sheet of about 8 feet in the side. 

On the first three days, viz., lith, I2th and 13th of July, 
the experiments were executed on land, which gave ver>’ 
good results up to a distance of 3/^ kilometers, or say 
2 miles; on the 14th of July the receiver was set up on 
board a tug, having a mast about 50 feet in height, which 
bore an aerial wire of equal length ending in a sheet about 
8 feet in the side. 

The transmitting station was bound to carry out the 
following instructions: Ten minutes after the start of 
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the tug it was to send for 15 minutes dots and dashes at 
intervals of 10 seconds; then transmit a phrase, maintain- 
ing between each signal an interval of 10 seconds; then 
to suspend transmission for an interval of 5 minutes, after 
which it should go through the same round, but with in- 
tervals of 5 seconds instead of 10 between each signal. 

The tug having started from the little port of St. Bar- 
tholomew, the receiver registered some signs even before 
transmission had begun on land, a fact due doubtless to 
extraneous causes. She directed her course toward the 
western mouth of the mole, and continued to receive sig- 
nals, not, however, in the order and in the intervals that 
had been prearranged, but much more frequently. The 
sky was covered with stormy clouds and in the distance 
lightning was frequent, hence it was surmised that be- 
sides the signals that were really transmitted, others, due 
to atmospheric influence, were impressing themselves, 
which rendered the strip of paper on which they were 
registered illegible. 

On again repeating these experiments after the storm 
clouds had disappeared, correspondence came out very 
clearly up to a distance of 5,500 meters (nearly 3 miles), 
with the tug stationary. The tug was again put in mo- 
tion, so as to interpose between itself and the station 
at St. Bartholomew the point called Le Castagne, in order 
to ascertain what effect such a screen would have on sig- 
naling. 

The signals ceased as soon as the obstacle intervened, 
to recommence on the tug being moved from its influ- 
ence. On the return journey the messages continued to 
come out clear and exact 

On the 17th of July trials were made from the same 
stations of St Bartholomew to the armored ship San 
Martino, anchored at a distance of about miles from 
the transmitting station, the aerial conductor of which 
had been carried to a height of about 40 yards, while the 
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ship bore at the receiver an' aerial Hue, first of 20, and 
.then of 30 yards in height 

Transmission sitcceedecl perfectly, independent of the 
.position of the coherer and the receiver;, that is to say, 
even if they were screened at the sending station' and' 
surroniidecl by metallic masses under cover or placed 
below the water-line in the ship. 

It was at once foreseen by many experimenters, amon.g 
them Sir Oliver Lodge, that with the old forms of appa- 
ratus there would be interference between wireless sta- 
tions, as the receivers would respond to all wave lengths.. 
To understand how it is possible to make a sending or a 
receiving circuit which will send out or respond to only 
one kind of electric wave, let the pendulum analogy again 
be used. In order to set a pendulum in motion it is neces- 
sary that the impulsive force should be imparted to it the 
same number of times per second in which the pendulum 
naturally oscillates. Even if stray forces are applied, but 
are not properly timed, the effect on the pendulum will 
be small, whereas a very minute but properly timed force, 
acting for some time, will produce considerable motion 
In a large pendulum. All these characteristics of the 
pendulum may be applied to the electric circuit — the natu- 
ral period of vibration, the small effect of a lot of waves 
differing in length, and the large effect of a succession of 
feeble but similar waves. 

Sir Oliver Lodge, in 1897, took out a patent for a 
‘syntonich system of wireless telegraphy, based directly 
on his own work on the discharge of Leyden jars and on 
Hertz's experimental results. The transmitter consisted 
of two large cones of sheet metal placed with their axes 
in a vertical line, and having a spark-gap between their 
apices. In another form of transmitter a single metal 
sphere, separated by small spark-gaps from the terminals 
of an induction coil, was used as a radiator. Both types 
produced direct Hertzian radiation, the latter giving 
waves of very high frequency. The spherkal oscillator 
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was partially enclosed in a copper cylinde 

The receiver, for use in conne 

through the primary of a small transformer 
ot which was connected to the coherer cii 
pensions of the transmitter and recehS S 

vibrations and 

sired that H connection was made, ; 

sirea that the transmissinn 
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feet in height, along*, with a strip of wire netting, of the 

.same length. 

.Under the new system the energy required to; telegraph 
to. a. given distance was very much diniini shed, so that 
150 watts suhlced to communicate to the 3G0“ki!om.eter 
distance. 

Encouraged by the results of the experiments in com- 
munication between St. Katherine’s and the Lizard, Mar- 
coni put his whole heart into the attempt to resolve the 
arduous problem of establishing transatlantic radiotele- 
graphic communication. Repeated experiments had shown 
that long waves, either by successive reflection or dif- 
fraction, could turn round the surface of the earth, so 
that their transmission to very great distances resolved 
itself only into a question of sufficient power in the trans- 
mitting apparatus and sufficient sensibility in the receiv- 
ing; but these necessitated large financial means, which 
would, however, not be wanting in a man whose business 
acumen was not less surprising than his experimental abil- 
ity. 

Being largely subsidized by the Marconi Wireless Tele- 
graph Company, Marconi began, early in 1901, unknown 
to every one, his trials, by establishing two specially pow- 
erful stations at Poldhu, near Cape Lizard, in Cornwall, 
on one side of the ocean, and at Cape Cod, in Massachu- 
setts, on the other side. The results of these first trials 
are not known, and judging by the silence maintained 
in this regard they were probably negative. The two 
stations, that had cost the sum of more than £15,000, 
were destroyed by storms in September of the same year. 

Marconi caused the station at Poldhu to be rebuilt, fur- 
nishing it wdth powerful machines and radiators, and 
decided to attempt communication wdth St. Johns, New- 
foundland; that is to say, to a lesser distance than that 
previously chosen, viz., of about 1,500 miles. At St. 
Johns, Newfoundland, where Marconi had obtained from 
the Government every facility for making the trials, the 
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radiogram, was sent by President Roosevelt to the King of 
Engla.nd. , 

Professor Fessenden commenced in 1897 the develop- 
ment of the system which is now the property of the 
National Electric Signaling Company. For two years he 
was engaged by the United States Government for special 
research in the subject, and had the advantages of all 
the resources of a government department at his com- 
mand. His inventions are very numerous, and in many 
respects original, and his results show a precision and 
practicality not attained by many other experimenters in 
the same field. 

Magnetic, thermal and electrolytic detectors, methods 
of exact tuning, and even wireless telephony, are covered 
by Fessenden's patents. Among these, perhaps that which 
has contributed most to the success of the system is 
the barretter. In its original form this was a thermal 
receiver, depending for its action on the change of re- 
sistance in a very fine platinum wire when carrying the 
jig current. Latterly the continuous wire has been dis- 
carded in favor of an electrolytic coil, one electrode of 
which is an extremely fine point. The apparatus has been 
described more fully under wave detectors. An impor- 
tant feature of this system, which greatly aids secrecy 
of transmission, is the arrangement of the sending key, 
which does not break the circuit, but merely alters the 
wave length of the waves given out, by cutting out some 
inductance. Thus, unless a receiving station is time<l 
with extreme accuracy to the transmitter, it will receive, 
instead of signals, only a long, continuous dash ; hence 
only a very sharply tuned receiver will receive a mes-^ 
sage at all." In the" latest forms of apparatus the differ- 
ence in frecfitency between the waves sent .out during' 
spaces and those sent as signals is only cent; 

interception by rivals is, therefore, almost impossible. 
Fessenden is apparently the first to use an aerial consist- 
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radiogram was sent by President Roosevelt to the King of 

England., ^ 

Professor Fessenden commenced in 1897 the develop- 
ment of the system which is now the property of the 
National Electric Signaling Company. For two years he 
was engaged by the United States Government for special 
research in the subject^ and had the advantages of all 
the resources of a government department at his com- 
mand. His inventions are very numerous, and in many 
respects original, and his results show a precision and 
practicality not attained by many other experimenters in 
the same field. 

Magnetic, thermal and electrolytic detectors, methods 
of exact tuning, and even wireless telephony, are covered 
by Fessenden's patents. Among these, perhaps that which 
has contributed most to the success of the system is 
the barretter. In its original form this was a thermal 
receiver, depending for its action on the change of re- 
sistance in a very fine platinum wire when carrying the 
jig current. Latterly the continuous wire has been dis- 
carded in favor of an electrolytic coil, one electrode of 
which is an extremely fine point. The apparatus has been 
described more fully under wave detectors. An impor- 
tant feature of this system, which greatly aids secrecy 
of transmission, is the arrangement of the sending key, 
which does not break the circuit, but merely alters the 
wave length of the waves given out, by cutting out some 
inductance. Thus, unless a receiving station is tuned 
with extreme accuracy to the transmitter, it wilh receive, 
instead of signals, only a long, continuous dash; hence 
only a /very sharply tuned receiver will receive a' mes-> 
sage at all. In the latest forms of apparatus the differ- 
, .ence" in frequency .between .the waves sent out during 
spaces and ■ those sent as signals is only P^r cent; 
..interception by rivals, is, therefore, ■ almo,st impossible. 
Fessenden is .apparently the first to use an aerial consist- 


liHI 


: 

' 

, 


- 


, 


1-' 

I 



326 


ELECTRICITY 



of a steel tube standing on -an insulating foundation,, 
and held in position by . insulated stays. 

I’hc fcllcwing guarantees are made for the PTssendeii 
sysl-Ciii by the holding, company. Guarantee for distance: 
I kv/, sets, ^50 niiles; S 'kw. sets, 400' miles ; 20 kw. sets, 
700 to 750 niiles. Guarantee for the preventer, used to 
prcve.nt other sending stations from interfering with the 
receipt of messages. 

''Where tlie distance of the interfering station from 
the receiving' station is more than i per cent, of the dis- 
tance between the sending and receiving stations, a dif- 
ference in wave length of 3 per cent, is sufficient to cut 
out l!ie interference without the .signals being appreci- 
ably weakened, interfering and sending .stations being of 
equal power.^’ 

Guarantee for the secrecy sender: "With our latest 
form of secrecy sender the variation in wave length is 
guaranteed to be only cent between space and 

dots. We guarantee that no other system can read the 
messages.'^ 

Guarantee for wave measurer: "We guarantee this 
device to be capable of detecting difference of wave 
length of per cent, and to be capable of measuring^i 
wave lengths at a distance from the sending station.” 

There arc also devices whereby atmospheric discharges 
will not interfere with reception, and a device for modify- 
ing the intensity of emitted waves without altering their 
length communicate wdth near-by stations. 

A report giving a description of the Fessenden system, 
as applied to transatlantic signaling between Massachu- 
setts and Scotland may be of interest here: 

"The power is developed by a boiler-engine-alternator 
equipment having a maximum capacity of 25 kw., 60 cycles 
current A transformer steps up the voltage to about 
25,000, thus charging the condensers, which are discharged 
by means of a gap adjustable so as to effect the discharge 
at any desired point of the cycle. 
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, receiver used is the liquid barretter in Its latest 

form. The aerial is formed by a tower extending to a 
height of 415 feet' above the ground-level, and supporting 
a sort of umbrella formed of wires at its top. The tower 
is essentially a steel tube 3 feet in diameter, 'supported 
every 100 feet of its height by a set of four steel guys, 
there being thus sixteen guys in all. The tower is plv- 
oted.at its, base on a ball-and-socket and is insu- 

lated from the ground for a voltage of 150,000. The 
guys are insulated from the tower as well as from the 
ground; besides, they ,are divided into 50-foot sections 
by means of strain insulators. One o.f tJie mcst serious 
problems to be solved was the constructicii of these .strain 
insulators, which, while capable of safely transmitting 
the niaximiini stress of about 2c,oco pounds, also resist 
an electrical tension of 15,000 volts each. Tre iTu,,:-:imum 
deflection of the top of the tow’er in a 90-mlle hurricane 
is computed to .be lyfd inches. A wave chute containing 
over 100 miles of wire, and extending over six, acres, is 
a very essential feature of the installation. 

*'On January 3, 1906, the first signals were received 
from the American side, and shortly afterward commu- 
nication was' established, so that messages were freely 
.exchanged at night. The intensity of the .signals, re- 
ceived by telephone v/as at times so great that the mes- 
.. sages could. easily be read with the diaphragm three inches 
from the ears of the operator. A station ■ tw^enty miles 
distant from Brant Rock, using about 30 kw., and send-*' 
ing on a ?/ave length differing* . not much more than 3 
per cent from that of the Scottish station, - was cut out 
while messages were received from Machrihanish.'^, 

A system differing in many respe-cts from 'the other 
systems has been devised by Sir Oliver Lodge, and Dr. 
Mtiirhead. The rotating steel disk coherer described un- 
der wave detectors is used by them. ^ A.nother feature i.s. 
the use of two capacity areas at both pending and receiv* ' 
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ing stations, by the adjustment of which they may be 
brought into tune. 

This system has been installed in many places with 
great success, and altho it has not yet operated over such 
distances as the Marconi and Fessenden systems, it com- 
pares favorably with them in syntonizing power, and 
has the advantage of using the siphon recorder. 

The Telef unken System is based on the patents of 
Professors Slaby and Braun and of Count von Arco. It 
may be considered as striking a mean between the earlier 
systems of Marconi an dge-Muirhead, tho of course 
with many variations .a elaborations in detail. A system 
of wires, similar to those used by Marconi, forms the 
aerial, and the earth connection is given by a large ca- 
pacity, as in the Lodge-Muirhead apparatus. A coherer 
and receiving circuit in many respects similar to the Mar- 
coni arrangement is employed. 

The De Forest system has had quite an extended com- 
mercial application, especially in the United States. It 
has the advantage of very rapid signaling, 25 to 30 words 
per minute having been reached. Communication by this 
system has been established between Manhattan Beach, 
New York, and Colon, Panama, a distance of 2,170 miles. 

The extension of wireless telegraphy and the study of 
the relations of electrical discharges in radio-active bodies 
bids fair to be the most fruitful of the fields of the im- 
mediate future. The Age has been well called the Age 
of Electricity, and much am' cement ever is expressed 
that Man should utilize so ml a force concerning which 
he knows so little. The complete understanding of the 
phenomena of atomic force and of radio-activity may go 
far to unlock many of the closed doors of Nature, and the 
electrical scientist of to-day is steadily approaching that 
understanding. 




